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DR. ROBERTS: The topic  for  this  sess ion is  going to  be the 

potent ia l  developmental  effects  of  a t razine on amphibians .  I  would 

l ike  to  begin the meet ing by introducing our  designated federal  

off ic ia l ,  Mr.  Paul  Lewis ,  and ask i f  he 's  got  any announcements  for  

us .  

MR. LEWIS:  I  thank you Dr.  Roberts .  And I  want  to  f i rs t  

thank Dr.  Roberts  for  serving as  our  incoming chair  for  the FIFRA 

SAP, looking forward to  working with him.  And also to  acknowledge 

our  permanent  panel  members ,  Dr.  Gary Isom and Dr.  Steven 

Herr inga.  Dr.  Handworker,  a lso another  permanent  panel  member,  is  

unavai lable  a t  th is  meet ing today but  wil l  be  here  in  July. 

I  am Paul  Lewis  and I  wi l l  be  serving as  a  designated federal  

off ic ia l  to  the FIFRA SAP for  this  meet ing over  the next  four  days.  I 

want  to  thank both the members  of  the  panel  and the ad hoc members  

for  agreeing to  serve the next  four  days for  what  I  th ink we ' l l  f ind a  

very chal lenging and interest ing discussion that  we ' l l  be  having.  

Reviewing the potent ia l  developmental  effects  of  a t razine on 

amphibians ,  we appreciate  the  t ime and the effor t  of  the  panel  

members  in  reviewing the mater ia ls  and prepar ing their  remarks,  

taking into  account  their  busy schedules .  

By way of  background,  the FIFRA SAP is  a  federal  advisory 
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commit tee  that  provides  independent  scient i f ic  peer  review and 


advice to  the  Agency on pest ic ides  and pest ic ide-rela ted issues 


regarding the impact  of  proposed regulatory act ions  on human heal th 


and the environment .  The FIFRA SAP only provides  advice and 


recommendat ions to  the  Agency,  that  is ,  making implementat ion 


authori ty  remains  with  the Agency.


FIFRA establ ished what  is  cal led a  permanent  panel  which 

consis ts  of  seven members .  The expert ise  of  the  panel  is  a lso 

augmented through a  science review board and science review board 

members  serve as  ad hoc temporary members  of  the SAP providing 

addi t ional  scient i f ic  exper t ise  to  ass is t  in  reviews conducted by the 

panel .  

As the designated federal  off ic ia l  for  this  meet ing,  I  serve as  

l ia ison between the panel  and the Agency. And I 'm also responsible  

for  insur ing provis ions of  the  Federal  Advisory Commit tee  Act  are  

met . 

The Federal  Advisory Commit tee  Act  es tabl ishes  a  system  for 

governing the creat ion,  operat ion,  terminat ion of  execut ive branch 

advisory commit tees .  I t  h ighl ights  the  considerat ion of  federal  

advisory commit tees  on the FACA as  fol lows:  The commit tees  are  

char tered.  They are  governed by uniform procedures .  They provide 
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only advice,  are  open to  publ ic  scrut iny.


In  addi t ion,  FIFRA SAP meet ings are  a lso subject  to  FACA 

requirements .  And these include publ ic  meet ings,  t imely publ ic  

not ice  of  the  meet ings,  and document  avai labi l i ty. In  that  respect ,  we 

have documents  for  this  meet ing.  The background paper,  publ ic  

comments ,  and the f inal  meet ing wil l  be  avai lable  through the Off ice  

of  Pest ic ide Programs docket .  

In  terms of  f inancial  confl ic ts  of  interes t ,  as  the  designated 

federal  off ic ia l  of  this  meet ing,  a  cr i t ical  responsibi l i ty  is  to  work 

with  appropria te  Agency off ic ia ls  to  ensure  a l l  appropria te  e thics  

regulat ions  are  sat isf ied.  In  that  capaci ty,  panel  members  are  br iefed 

with  provis ions of  the  federal  confl ic t  of  interest  laws.  Each 

par t ic ipant  has  f i led a  s tandard government  f inancial  disclosure  

report .  

I  a long with our  deputy ethics  off ic ia ls  for  the  Off ice  of  

Prevent ion of  Pest ic ide and Toxic  Substances ,  in  a  consul ta t ion with  

the off ice  general  counsel ,  have reviewed the report  to  ensure  a l l  

e thics  requirements  are  met .  And a  sample copy of  the  form is  

avai lable  on our  FIFRA SAP web s i te .  

The panel  wil l  review chal lenging science issues  over  the  next  

several  days.  We have a  ful l  agenda and meet ing t imes are  
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approximate .  This  may not  keep to  the exact  t imes as  noted due to 


panel  discussions and publ ic  comments .  We s t r ive to  ensure  adequate 


t ime for  Agency 's  presentat ions ,  publ ic  comments  being presented, 


and panel  del iberat ions . 


For panel  members  and publ ic  commentors ,  p lease ident i fy  

yourselves  and speak into  the microphones provided s ince the meet ing 

is  being recorded.  Copies  of  a l l  presentat ion mater ia ls ,  publ ic  

comments ,  wi l l  be  avai lable  in  the  Office  of  Pest ic ide Program 

docket ,  as  I  ment ioned previously,  wi thin the next  few days.  

For  members  of  the  publ ic  request ing t ime to  make a  publ ic  

comment ,  p lease l imit  your  comments  to  f ive minutes  unless  pr ior  

arrangements  have been made.  For  those that  have not  preregis tered,  

please not i fy  myself  or  a  member of  the FIFRA SAP staff  who are  

s i t t ing just  to  the  r ight  of  me here .  

As I  ment ioned previously,  there  is  a  publ ic  docket  for  this  

meet ing.  All  background mater ia ls ,  quest ions  posed to  the panel  by 

the Agency,  and other  documents  re la ted to  this  SAP meet ing are  

avai lable  in  the  docket .  Overheads wil l  be  avai lable  in  the  next  few 

days.  

Final ly,  background documents  are  a lso avai lable  on the SAP 

web s i te .  And the agenda for  this  meet ing l is ts  contact  informat ion 
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for  that  type of  mater ia l . 


For members  of  the press ,  we have a  press  contact  f rom our  

off ice ,  Mr.  David Deacon,  of  the Off ice  of  Media  Relat ions,  is  

avai lable  to  answer  your  quest ions .  Mr.  Deacon,  please s tand.  Thank 

you.  Any interested people  who have quest ions f rom the press ,  please 

refer  them to Mr.  Deacon.  

At  the conclusion of  the meet ing,  the  FIFRA SAP wil l  prepare  a  

report  as  response to  quest ions  posed by the Agency,  background 

mater ia ls ,  presentat ion,  and publ ic  comments .  The report  serves  as  

meet ing minutes ,  and we ant ic ipate  the  minutes  to  be avai lable  in  

approximately two to  four  weeks and wil l  be  posted on our  web s i te  

and in  the OPP docket .  

Final ly,  due to  unforeseen circumstances ,  th is  Fr iday 's  meet ing 

wil l  move from this  locat ion to  the Holiday Inn Nat ional  Airport ,  

2650 Jefferson Davis  Highway in  Arl ington,  Virginia .  The meet ing 

address  for  this  Fr iday 's  meet ing is  noted on the meet ing agenda 

outs ide this  room, and you ' l l  not ice  some placards  in  the  hal lway 

when you f i rs t  enter  the  room. The Holiday Inn is  approximately 8  to  

10 blocks f rom our  present  locat ion and parking is  avai lable .  This  

meet ing change wil l  only be for  this  Fr iday,  June 20.  All  other  days,  

our  meet ing wil l  be  occurr ing here .  
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We apologize for  any inconvenience that  may occur  and are  

making special  arrangements  for  this  change of  meet ing locat ion this  

Fr iday. I f  you require  any ass is tance to  a t tend the Fr iday meet ing,  

including maps or  shut t le  service  to  the  Holiday Inn hotel ,  p lease 

vis i t  a  member of  the FIFRA SAP meet ing.  

Thank you.  Dr.  Roberts .  

DR. ROBERTS: Thank you,  Paul .  The SAP staff  has  assembled 

an outs tanding panel  of  experts  to  deal  with  this  topic ,  and I  would 

l ike  to  introduce that  panel  now and do so by asking each member  of  

the  panel  to  s ta te  their  name,  their  aff i l ia t ion,  and their  area  of  

expert ise .  And I  think we ' l l  jus t  go around the table  

counter-clockwise s tar t ing with  Dr.  LeBlanc on my immediate  r ight  

and then for  each member  of  the  panel  around the table  to  introduce 

themselves .  Dr.  LeBlanc.  

DR. LEBLANC: Thank you.  My name is  Gerry LeBlanc.  And 

I 'm a  professor  in  the Department  of  Environmental  and Molecular  

Toxicology at  North Carol ina State  Univers i ty. My area of  expert ise  

is  awake toxicology. 

DR. KELLEY: I 'm Darcy Kel ley.  I 'm professor  of  Biological  

Sciences  and a  member  of  the  Center  for  Environmental  Research and 

Conservat ion at  Columbia Univers i ty. And my area of  expert ise  is  
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sexual  different ia l  of  the  amphibian Xenopus laevis . 


DR. KLOAS:  My name is Werner Kloas .  I 'm professor for 

endocrinology at  Univers i ty  of  Berl in .  And I 'm also heading the 

Inland Fisher ies  Department  of  Leibniz-Inst i tute  of  Freshwater  

Ecology and Inland Fisher ies .  My working group is  the  research 

focused on awake disrupt ion in  amphibians ,  especial ly  addressing 

sexual  different ia t ion and also the thyroid system. 

DR. GREEN:  My name is Sherr i l Green, and I 'm an associate 

professor  in  the Department  of  Comparat ive Medicine a t  Stanford 

Univers i ty. My area of  interest  and expert ise  is  in  laboratory 

Xenopus laevis ,  Xenopus laevis  and Rana pipiens  specif ical ly  as  a  

laboratory animal  model .  

DR. COATS:  My name is Joel Coats .  I 'm professor of 

entomology and toxicology at  Iowa State  Univers i ty. My areas  of  

exper t ise  are  in  pest ic ides ,  especial ly  environmental  toxicology and 

environmental  chemistry. 

DR. DENVER:  My name is Rober t Denver.  I 'm associate 

professor  of  molecular,  cel lular,  and development  biology at  the  

Univers i ty  of  Michigan.  And my area of  expert ise  is  developmental  

neuroendocrinology of  amphibians .  

DR. ROBERTS:  Let 's jump over to Dr. Gibbs. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

10 

DR. GIBBS:  My name is James Gibbs.  I 'm an associate 

professor  of  conservat ion biology at  the  State  Univers i ty  of  New 

York 's  Col lege of  Environment  Science and Forestry  in  Syracuse,  

New York.  And my area of  expert ise  is  amphibian demography and 

populat ion dynamics .  

DR. RICHARDS:  My name is Car l Richards .  I 'm a professor of 

biology at  Univers i ty  of  Minnesota  Duluth and director  of  the  

Minnesota  Sea Grant  Col lege Program. My expert ise  is  that  of  an 

aquat ic  ecologis t  and landscape ecologis t .  

DR. DELORME:  My name is Peter Delorme.  I 'm a senior r isk 

assessor  with  the Canadian Government  working on r isk assessments  

of  pest ic ides .  My area of  expert ise  is  aquat ic  ecology. 

DR. SKELLY:  My name is David Skel ly.  I 'm an associate 

professor  of  ecology at  Yale  Univers i ty. And my area of  expert ise  is  

populat ion and community ecology of  amphibians .  

DR. MATSUMURA:  My name is Fumio Matsumura.  I 'm at the 

Department  of  Environmental  Toxicology. My area of  expert ise  is  

molecular  toxicology. I 'm interested in  the f rogs,  too.  

DR. THRALL:  I 'm Mary Anna Thral l .  I 'm a professor of 

veter inary pathology in  the Col lege of  Veter inary Medicine a t  

Colorado State  Univers i ty. And my area of  expert ise  is  veter inary 
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cl inical  pathology.


DR. ISOM: I 'm Gary Isom, professor  of  toxicology at  Purdue 

Univers i ty. And my area is  neural  toxicology and neural  degenerat ive 

diseases .  

DR.  HEERINGA: I 'm Steve Heeringa,  biostat is t ic ian and 

director  of  the  s ta t is t ics  design group at  the  Inst i tute  for  Social  

Research at  the  Univers i ty  of  Michigan.  My special ty  is  

populat ion-based s tudies  and design of  populat ion-based s tudies .  

DR. ROBERTS:  And I 'm Steve Roberts .  I 'm a professor wi th 

joint  appointments  in  the  Col lege of  Veter inary Medicine and Col lege 

of  Medicine a t  the  Univers i ty  of  Flor ida.  I  a lso serve as  director  of  

the  Center  for  Environmental  and Human Toxicology there .  My areas  

of  expert ise  are  mechanisms of  toxici ty,  par t icular ly  involving the 

l iver  and immune systems and also methods of  r isk assessment .  

I  would now l ike to  welcome Mr.  Merenda who is  Director  of  

the Off ice  of  Science Coordinat ion and Pol icy.  Good morning,  Mr. 

Merenda.  

DR. MERENDA: Good morning,  Steve,  and welcome to  a l l  of  

the  panel is ts  as  wel l  as  a l l  of  those who are  par t ic ipat ing in  a t tending 

this  sess ion in  the  audience.  

Within EPA, the concept  of  independent ,  external  scient i f ic  
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peer  review plays  a  very important  role  in  our  evaluat ion of  decis ion 

processes .  And so this  kind of  event ,  whi le  complex to  organize,  is  a  

very important  par t  of  our  job.  In  fact ,  i t ' s  an important  par t  of  the  

job of  my off ice ,  the  Off ice  of  Science Coordinat ion and Pol icy in  

EPA's  Off ice  of  Prevent ion Pest ic ides  and Toxic  Substances .  

We f ind that  these kinds of  meet ings with  both the permanent  

panel  members  and a  number  of  expert  ad hoc members  who are  

selected specif ical ly  for  your  expert ise  on the subject  a t razine and is  

extremely valuable  to  the  Environment  Protect ion Agency in  helping 

us  to  bet ter  unders tand where we 've done things wel l  and where may 

have missed some points  or  where we need to  look fur ther  and dig 

deeper  as  we evaluate  the  data  avai lable  to  us  and make r isk 

management  and regulatory decis ions.  

This  is  going to  be,  as  Paul  said ,  a  very ful l  program. Over  the 

next  four  days,  there  are  a  number  of  complex issues  for  us  to  deal  

with .  And we are  qui te  pleased to  have the expert ise  that  is  being 

brought  to  us  by al l  of  you and we're  qui te  thankful  for  your  

wil l ingness  to  take t ime from busy schedules  and other  commitments  

to  spend these four  days with  us  in  helping us  bet ter  unders tand these 

problems.  

So welcome, and just to reemphasize what Paul said, that i f you 
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have any needs for  logis t ics  or  ass is tance with  making this  meet ing 


work bet ter  or  making your  own arrangements  work out  while  you 're 


here a t  the  meet ing,  please,  do not  hesi ta te  to  contact  a  member  of  our 


s taff  on the FIFRA Scient i f ic  Advisory Panel . 


DR. ROBERTS: Thank you very much.  I  would also l ike to  

extend the panel 's  welcome this  morning to  Ms.  Anne Lindsay,  who is  

the  Act ing Deputy Director  of  the Off ice  of  Pest ic ide Programs.  Good 

morning.  

MS.  LINDSAY:  Good morning.  You've taken my f i rs t  l ine  

away. I  was going to  say I  was Anne Lindsay,  Act ing Deputy Director  

for  Programs in  the Off ice  of  Pest ic ide Programs.  

I 'm actual ly  here  on behalf  of  J im Jones who is  our  re la t ively 

new off ice  director,  though not  new to the Pest ic ide programs.  He is  

actual ly  deal ing with  family responsibi l i t ies  this  week and asked me 

to  welcome you to  Washington,  and in  par t icular,  to  thank you for  

agreeing to  serve on this  scient i f ic  advisory panel  and the sor t  of  

extensive meet ing that  we 've got  set  up for  the  week.  I 'd  actual ly  

hoped I  was going to  welcome you to  a  sunny Washington.  But  that  

doesn ' t  look l ike that 's  going to  happen.  

The topic  of  this  meet ing,  the  Potent ia l  Developmental  Effects  

of  Atrazine on amphibians ,  is  one that  has  generated an extraordinary 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

14 

amount  of  interest  s ince the f i rs t  data  appeared suggest ing a  l ink 

between atrazine exposure and development  effects  in  f rogs.  I t ' s  not  

only a  topic  that 's  drawn a  lot  of  interes t ,  I  th ink i t ' s  fa i r  to  say,  that  

i t ' s  actual ly  been extremely controvers ia l .  

Now for  those of  us  who work at  EPA on Pest ic ide regulat ion,  

such controversy is  actual ly  of ten or  f requent ly  par t  and parcel  of  

doing our  job.  I t ' s  not  that  we want  i t  to  be that  way.  But  that  is  

of ten how i t  i s .  And I  think that 's  the  case because the issues  we deal  

with  are  usual ly  very complicated and of ten,  as  I  th ink the subject  of  

this  meet ing,  real ly  fa l ls  a t  the  cut t ing edge of  science so the answers  

may not  be c lear  cut .  

We  f ind ourselves  deal ing frequent ly  with  s i tuat ions  in  which 

the answers  are  not  obvious.  And different  groups also have s t rongly 

held views and s t rongly held contrast ing views.  Over  the years ,  we 've 

developed a  deep appreciat ion,  therefore ,  for  the  value of  science as  

the basis  of  our  work and to  have that  science guide our  decis ions.  

And that 's  real ly,  f rankly,  where a l l  of  you as  a  panel  and as  

experts  in  your  var ious areas  come in .  Your  job is  to  help us  f igure  

out  what  the  scient i f ic  informat ion actual ly  does  te l l  us ,  where we can 

t rust  information,  where there  are  quest ions  about  i t .  We want  your  

advice to  guide us  as  we move forward making our  regulatory 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

15 

decis ions.  

I 've  spent  probably not  only the largest  par t  of  my career  in  

publ ic  service  maybe the largest  par t  of  my l i fe  a t  th is  point  in  publ ic  

service.  I  th ink when you do that ,  you have to  be able  to  have a  great  

deal  of  pr ide and draw a great  deal  of  sat isfact ion in  contr ibut ing 

back to  the community and the country that  you come from. And that  

is  cer ta inly,  I  th ink,  how I  and the other  EPA folks  who wil l  be  

presenters  here  today feel  about  our  work.  

We hope that  you,  too,  s ince a t  th is  point  as  members  of  the  

panel ,  you 're  par t  of  the  publ ic  service  in  effect ,  wi l l  take that  sense 

of  sat isfact ion for  making a  very real  contr ibut ion to  the c ivic  l i fe  of  

our  country. There 's  no doubt  in  my  mind that  the  work that  you wil l  

do as  panel  members  has  enormous value to  us  a t  EPA. And because 

of  that ,  I  bel ieve i t  wi l l  have enormous value to  the  c i t izens  of  this  

country. So I  want  to  thank you very much for  making that  

contr ibut ion of  your  t ime and expert ise .  

I 'd  l ike  in  par t icular  to  acknowledge EPA's  thanks to  Dr. 

Roberts ,  the  chairman of  the  SAP.  This  is  actual ly,  I  bel ieve,  your  

f i rs t  meet ing as  chairman of  the SAP.  But  you are  wel l -known and a  

highly regarded scient is t  who's  served for  a  number  of  years  on our  

panel  and has  presided as  sess ion chair  a t  some of  our  most  
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controvers ia l  meet ings with  f i rmness  and grace.  So we 're  looking 


forward to  a  cont inuat ion of  that  f i rmness  and grace.  We thank you 


for  contr ibut ing on the panel  with  these new responsibi l i t ies . 


We'd also l ike  to  extend our  appreciat ion to  the  other  new 

permanent  members  of  the  panel  who I  think Paul  has  introduced but  

Dr.  Steward Handworker,  Steve Heeringa,  and Gary Isom. I t 's  a 

del ight  to  have Dr.  Heeringa back with us  af ter  serving as  an ad hoc 

panel  member  on mult iple  occasions and also we welcome Dr.  Isom as  

a  permanent  member  of  the  SAP. 

In  addi t ion,  my thanks to  a l l  of  the  scient is ts  who have agreed 

to  serve as  exper t  advisors  on the a t razine issues .  Your  wil l ingness  to  

contr ibute  your  knowledge and expert ise  to  sor t ing out  press ing 

scient i f ic  issues  is  invaluable .  

And then f inal ly,  Paul ,  I  want  to  thank you and the other  

members  of  the SAP staff .  You do a  great  job taking care  of  the panel  

members  and a  great  job running the meet ing.  And for  that ,  we 're 

deeply appreciat ive.  

So,  f inal ly,  le t  me wish you the best  for  the  upcoming meet ings 

and we look forward to  receiving your  report .  

DR.  ROBERTS: Well ,  thank you for  your  kind remarks.  

They 're  very much appreciated.  
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Our discussion of  the  scient i f ic  issues  is  going to  begin with  

presentat ions  by the Agency. And the f i rs t  presenter  is  Dr.  Steven 

Bradbury of  the Off ice  of  Pest ic ide Programs.  Good morning,  Dr. 

Bradbury. 

DR. BRADBURY:  Good morning,  thank you.  I 'd  a lso l ike to  

extend my thanks to  the SAP staff  for  helping to  organize the meet ing 

and to  the panel  for  the  discussions we ' l l  be  having over  the  next  

several  days.  Your  input  and advice wil l  be  great ly  appreciated and 

very important  par t  of  the  scient i f ic  analysis  that  we 've embarked 

upon with the white  paper. 

What  I 'd  l ike  to  do in  my presentat ion is  go over  a  few of  the 

issues  you ' l l  be  hear ing in  more detai l  f rom  Tom Steeger  and Joe 

Tietge la ter  this  morning.  And to  review a bi t  why we're  here  and 

what  we hope to  accomplish over  the  next  several  days,  as  I 've  

ment ioned in  my opening remarks,  we 're  looking forward to  obtaining 

your  recommendat ions on our  analysis  to  date  regarding the potent ia l  

developmental  effects  of  a t razine on amphibians .  And as  we go 

through the morning 's  discussions,  we ' l l  be  walking through several  

topics  of  par t icular  note .  

One wil l  be  the integrat ion of  the  avai lable  informat ion as  

we 've summarized in  the white  paper.  We'l l  a lso be discussing 
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aspects  of  that  informat ion in  the  context  of  how i t  a l lows one to  

formulate  r isk hypotheses  about  the  potent ia l  effects  of  a t razine on 

amphibian development .  And from those r isk hypotheses ,  

es tabl ishing a  conceptual  model  for  potent ia l  effects .  And ul t imately, 

then taking a  look at  an analysis  plan as  to  how to move forward in  

the context  of  that  avai lable  information.  

To provide a  l i t t le  background as  to  where we 've been and how 

we've got  here ,  le t 's  go back to  January 31,  2003.  That 's  when EPA 

released an Inter im Reregis t ra t ion El igibi l i ty  Decis ion,  an IRED. 

And that  document  included an assessment  of  human heal th  r isk 

assessment  issues  as  wel l  as  taking a  look at  ecological  r isk  

assessment  issues .  

In  the January '03 ecological  r isk  character izat ion,  we fol lowed 

sor t  of  the  basic  tenets  of  the  Agency 's  guidel ines  for  ecological  r isk  

assessment  and took a  look at  exposure issues  and took a  look at  the  

physical  chemical  proper t ies  of  a t razine and compared both model ing 

and monitor ing and f ind general  consis tency between monitor ing 

s tudies  and the c lasses  of  watersheds and uses  that  a t razine is  

associated with .  

The effects  analysis  or  effects  character izat ion in  that  

document  focused on the integr i ty  of  aquat ic  communit ies  or  the  
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s tabi l i ty  of  aquat ic  communit ies  s t ructure  and funct ion as  a  r isk 


assessment  endpoint  and came to  the conclusion the l ikel ihood of 


adverse  effects  would occur  a t  approximately 10 to  20 micrograms per 


l i ter  over  recurrent  or  prolonged per iods of  exposure.  And this 


analysis  was s imilar  to  a  somewhat  independent  analysis  going on in 


the  Office  of  Water  as  they develop their  draf t  water  qual i ty  cr i ter ia 


for  a t razine. 


In the document , we also discuss some of the uncer ta int ies that 

are  associated with  this  r isk  assessment  and al l  r isk  assessments  have 

different  levels  in  context  of  uncer ta inty. Then we discuss  some of  

the  exposure  character izat ions  uncer ta int ies ,  including some data  

gaps in  terms of  being able  to  predict  the  a t razine concentrat ion 

pat terns  and at t r ibutes  across  a  ful l  populat ion of  water  body types  in  

the United States .  And we also discussed some of  the uncer ta int ies  in  

terms of  the  spat ia l  and temporal  var iabi l i ty  of  a t razine and the 

abi l i ty  to  predict  or  model  those pat terns .  

In  terms of  effects  character izat ion,  we discussed the chal lenge 

of  convert ing s teady s ta te  a t razine exposures  to  f luctuat ing or  

t ransient  a t razine exposures  and how to work through the dosimetry 

of  that  kind of  an exposure scenar io .  We ta lked about  the  issues  in  

terms of  quant i fying aquat ic  community  recover  or  res is tance to  
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repeated exposures  to  the compound.  And,  f inal ly,  we also discussed 


the  uncer ta int ies  concerning the potent ia l  developmental  effects  of 


atrazine on amphibians . 


At the t ime that  the  IRED was being prepared,  there  were 

several  s tudies  that  were addressing the potent ia l  effects  of  a t razine 

on amphibian development  and were being publ ished at  about  the  

same t ime or  dur ing the per iod of  t ime that  we were prepar ing that  

January '03 document .  

As a  consequence,  we real ly  didn ' t  have t ime to  perform  a 

r igorous evaluat ion of  these data  for  inclusion in  that  January IRED. 

And consequent ly  we agreed with NRDC that  we would proceed with 

our  analysis  of  this  issue of  the  potent ia l  effect  of  a t razine on 

amphibian development  dur ing the t ime per iod that  we 're  a l l  in  now. 

And we set  course  on a  path to  review the avai lable  information 

through February 28 of  2003 and then convene a  panel  as  we 're  doing 

today to  discuss  the information at  hand and to  gain your  insights  and 

comments  on the conclusions we 've reached to  date  concerning that  

informat ion.  

More specif ical ly, what we wanted to set out in terms of the 

agreement  between January and October,  was to  take a  look at  the  

s ignif icance of  the  amphibian r isk data  and determine whether  there  
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was a  need for  addi t ional  data  to  character ized more ful ly  a t razine 's


potent ia l  r isks  to  amphibian species ,  and i f  so ,  what  data  should be 


developed to  fur ther  reduce the uncer ta int ies  associated with  this 


quest ion. 


What I 'd  l ike  to  do over  the  next  few minutes  is  jus t  provide a  

bi t  of  a  roadmap and some of  the miles tones  for  the  res t  of  the  

morning 's  presentat ions by the EPA folks .  And the white  paper  

actual ly  sor t  of  sets  up the problem. I t  helps  formulate  the  problem 

before  us .  And I 've  used the words "formulate  the problem" in  the 

context  of  the  Agency 's  1998 ecological  r isk  assessment  guidel ines .  

And the roadmap that  we 're  going to  use today to  summarize the 

highl ights  of  the  White  Paper  to  in  fact  use  the Agency 's  guidel ines  as  

a  f ramework for  the  presentat ions  and the logic  t ra in  that  we went  

through in  interpret ing the informat ion that 's  current ly  avai lable .  

I  th ink you 're  a l l  aware of  Agency 's  guidel ines ,  but  I 'd  l ike  to  

spend just  a  few minutes  touching upon what  I  feel  are  some of  the 

important  aspects  of  the  Agency 's  guidel ines  and the role  of  science 

in  r isk management  and regulatory decis ion making.  

Obviously,  I  bel ieve,  ecological  r isk  assessments  are  the  

science par t  of  the  overal l  decis ion making process .  And in  our  r isk 

assessments ,  which is  the  box in  that  f igure  on the screen,  is  where 
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the science of  ecological  r isk  assessment  occurs .  And through the 

development  of  an ecological  r isk  assessment ,  c lar i fying the 

uncer ta int ies ,  es tabl ishing what  we know and what  we don ' t  know the 

assumptions behind the analyses  helps  inform the overal l  

decis ion-making process  which blends in ,  of  course ,  to  many other  

considerat ions  other  than the science.  

So the key over  the next  few days is  to  take a  look at  the  

science associated with  this  issue and determine where our  cer ta int ies  

are ,  where are  uncer ta int ies  are ,  and how that  can be helpful  in  

helping to  inform the process  of  overal l  decis ion making with  regard 

to  a t razine and i ts  potent ia l  effects  on amphibians .  So the focus is  on 

the science.  

Over  the  course  of  the  next  several  presentat ions ,  or  my 

presentat ion,  Tom's  and Joe 's ,  we 're  going to  focus on especial ly  the 

problem formulat ion phase of  an ecological  r isk  assessment  because,  

in  fact ,  that 's  sor t  of  where we are  r ight  now. We're  in  the s tage of  

formulat ing the problem, s tar t ing to  def ine what  we know, what  we 

don ' t  know, what  types  of  r isk hypotheses  can we formulate  with  the 

exis t ing information,  and to  develop a  pathway for  moving forward.  

So we're  in  the process  of  generat ing and evaluat ing 

prel iminary hypotheses  about  why effects  may occur  or  could be 
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occurr ing and to  ar t iculate  the  uncer ta int ies  that  would be associated 


with moving forward in  a  r isk assessment .  I  th ink i t ' s  a lso important 


to  remember  that  the  guidel ines  for  ecological  r isk  assessments 


acknowledge an i terat ive process .  And that  as  the  science evolves 


and r isk management  issues  evolve,  the  r isk assessments  can evolve 


too.  And so in  a  sense,  we 're  in  an i terat ive process  of  the  overal l 


r isk  assessment  for  a t razine. 


As I  ment ioned ear l ier,  in  the  January document  we ar t iculated 

one uncer ta inty that  was associated with  the potent ia l  effects  of  

a t razine on the development  of  amphibians .  And in  a  sense,  we 're 

going through an i terat ion of  the  r isk assessment  for  a t razine;  and 

we're  a t  the  s tage of  looking at  problem formulat ion.  

So what  does  that  mean?  What  I 've  done in  the next  s l ide  is  

expanded on the concepts  of  problem formulat ion and what  some of  

the  key aspects  of  this  phase of  a  r isk  assessment  entai l .  And this  wil l  

be  the  focus,  th is  is  real ly  the  focus of  the  White  Paper  and i t  i s  the  

focus of  the  presentat ions  we wil l  be  making today. 

Through the problem formulat ion,  one sets  the  s tage for  moving 

forward in  the overal l  r isk  assessment .  Outcomes of  a  problem 

formulat ion could include a  decis ion that  there 's  no need to  go 

forward,  that ,  in  fact ,  there  isn ' t  an issue that  requires  a  r isk  
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assessment .  Another  opt ion,  ta lking about  broad pathways,  one can 


move forward af ter  problem formulat ion would be that ,  in  fact ,  there 


i s  suff ic ient  data  to  move ahead with  the r isk assessment  with 


specif ied levels  of  cer ta inty. And another  opt ion would be that ,  whi le 


i t ' s  possible  to  form r isk hypotheses ,  there  are  cer ta in  uncer ta int ies 


that  are  associated with  the  r isk  assessment ;  and the analysis  plan, 


therefore ,  may cal l  for  or  suggest  addi t ional  data  that  could be 


needed. 


The key in  problem formulat ion is  associated with  box the on 

my lef t  and the arrows that  are  going both ways.  And that 's  the  

dialogue between the r isk managers  and the r isk assessment  team. 

The r isk assessment  is  sc ience,  but  i t ' s  not  science in  a  vacuum. I t 's 

sc ience to  inform regulatory decis ion assessment  and r isk 

management .  And so the decis ions with  regard to  cer ta inty and 

uncer ta inty  cer ta inly  have a  scient i f ic  basis ,  but  they also have a  

context .  And the context  is  in  the  context  of  how much cer ta inty is  

required to  make a  regulatory decis ion with  a  specif ied level  of  

confidence.  

The role of the r isk assessor is to provide the r isk manager 

ins ights  into  the  uncer ta int ies ,  the  cer ta int ies ,  the  r isk  hypotheses ,  

and to  engage in  a  dialogue as  to  the pathway and moving forward.  
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The White  Paper  is  a  problem formulat ion.  The White  Paper  is 


designed to  help inform al l  of  us  and you and gain your  insights  as 


well  to  inform the broader  community  as  to  the  potent ia l  pathways 


that  make sense given the information that  we current ly  have. 


The key products  in  a  problem formulat ion are  the i tems in  the 

c i rc les  on the f igure .  The clar i f icat ion of  the  r isk assessment  

endpoints  and the measures  of  effects  is  an important  outcome of  

problem  formulat ion as  is  the  conceptual  models  which is  essent ia l ly  

as  ser ies  of  one or  more r isk hypotheses  as  to  how one may envis ion 

or  hypothesize  that  a t razine,  in  this  case ,  could have potent ia l  

developmental  effects  on amphibians .  

And then an analysis  plan,  given the current  body of  

information,  a  plan in  moving forward.  How are  we going to  use the 

avai lable  information,  i f  addi t ional  information could be gained,  what  

kind of  information would contr ibute  to  c losing what  knowledge gaps.  

And again,  before  moving forward into  actual  r isk  character izat ion 

dialogue with  the r isk management  community to  ensure  that  the  

regulator  decis ion makers  in  the  agencies  have a  c lear  unders tanding 

of  the  uncer ta int ies ,  and the issues  associated with  moving forward 

with  different  levels  or  amounts  of  data .  The r isk assessment  is  

designed to  inform regulatory decis ions;  i t  doesn ' t  make regulatory 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

26 

decis ions.  

Let me just spend a few minutes , then, wi th this roadmap as 

background,  hi t  a  few of  the miles tones  on the journey we' l l  take over  

the  next  couple  of  hours  in  reviewing the White  Paper. 

As I indicated in that previous s l ide , one of the most cr i t ical 

s teps  actual ly  in  problem  formulat ion is  in tegrat ing the avai lable  

information.  What  do we know, what  don ' t  we know, and how do we 

use that  information to  draw conclusions concerning r isk assessment  

endpoints ,  measures  of  effects ;  how do we use that  information to  

help es tabl ish r isk hypotheses ,  and ul t imately  es tabl ish the analysis  

plan for  moving forward.  

Tom Steeger  wil l  be  providing an overview of  the key s tudies  

that  were discussed in  the White  Paper  in  some detai l .  And as  you ' l l  

recal l ,  there  were 17 s tudies  avai lable  for  analysis  by the Agency as  

of  February 28,  2003.  Seven of  these s tudies  were laboratory-based 

s tudies;  and 10 of  the  s tudies  were f ie ld  experiments .  

The White  Paper  descr ibes  how we looked at  the  s tudy 

at t r ibutes ,  exper imental  designs,  the  var ious  protocols  that  were used,  

and how we looked across  those s tudies  to  take a  look at  the  body of  

knowledge,  looking at  the  consis tency across  the s tudies ,  how the 

s tudies  as  a  whole  provide insights  into  the s t rength of  cause-effect  or  
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dose response re la t ionships ,  the  extent  to  which the body of  

knowledge provides  insights  on mechanis t ic  plausibi l i ty  concerning 

the potent ia l  effects ,  and issues  regarding ecological  re levancy. 

And,  of  course ,  throughout  the White  Paper  and throughout  the 

process  of  developing a  problem formulat ion,  one keeps t rack of  the 

cer ta int ies  and uncer ta int ies  as  one integrates  and evaluates  the  

exis t ing informat ion.  

Tom, in  his  ta lk ,  wi l l  go over  the body of  the information and 

sor t  of  a  synthesis  mode.  Tom's  not  going to  go through each 

individual  s tudy because the White  Paper  provides  that  level  of  

analysis .  And rather  Tom's  going to  summarize the synthesis  and the 

integrat ion of  the  information.  And so as  he ta lks  about  s tudy 

protocols  and design,  i t ' s  designed to  be ref lect ive of  the  ent i re  body 

of  s tudies  and not  necessar i ly  a  specif ic  comment  for  a  specif ic  s tudy. 

During Thursday or  Fr iday,  i f  you 'd  l ike  to  ta lk  in  more detai l  on 

specif ic  s tudies ,  of  course ,  we 'd  be happy to  do so.  

One of  the outcomes of  problem formulat ion,  which I  ment ioned 

previously,  is  es tabl ishment  of  the  r isk assessment  endpoints ;  and 

they draw in  par t  f rom the avai lable  information,  but  they 'd  a lso have 

to  be connected to  the Agency,  in  this  case,  EPA's  mission.  What  is  i t  

a l l  about  in  terms of  protect ing the environment  and human heal th .  
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And so you have a  t ra in  of  logic  that  needs to  connect  environmental 


management  goals  to  a  r isk  assessment  endpoint  and then to  the 


measures  of  effects  which wil l  be  used to  es t imate  how those r isk 


assessment  endpoints  may change based on different  exposure 


scenar ios . 


So in  this  context ,  we 're  ta lking about  environmental  

management  goal  which is  the  viabi l i ty  of  anuran populat ions .  So the 

analysis  of  the  s tudies  that  Tom and Joe wil l  ta lk  about ,  we 're 

focusing on a  r isk assessment  endpoint  which involves  the 

reproduct ion and recrui tment  of  nat ive anurans.  

Again,  a  r isk  assessment  endpoint  needs to  be a  ecological  

ent i ty  and the a t t r ibutes  of  the  ent i ty. So the ent i ty  is  anuran,  nat ive 

anurans of  North America,  nat ive anurans,  and the a t t r ibute  

reproduct ion and recrui tment .  

Through the analysis  of  the  exis t ing information that  Tom wil l  

descr ibe as  fur ther  highl ighted in  the  discussion that  Joe wil l  provide,  

there 's  a  whole  family of  measures  of  effects  that  have been reported 

in  the  l i terature  and i t  can be useful  in  terms of  es t imat ing how the 

r isk assessment  endpoint  may change based on different  a t razine 

exposures .  

And on the s l ide,  I 've  l is ted many of  the measures  of  effects  
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that  were included in  those s tudies;  and Tom wil l  be  ta lking about  the 


in terpreta t ion of  that  informat ion in  the  context  of  es t imat ing the r isk 


assessment  endpoint  behavior.


A second major  output  of  the  problem formulat ion s tage and of  

the  White  Paper  is  the  conceptual  model .  The conceptual  model  is  a  

way of  pul l ing together  the  l ines  of  evidence,  the  information that 's 

avai lable ,  to  formulate  r isk hypotheses  and to  provide insights  into  

how we need to  go forward.  As I  said ,  I 'm going to  provide some of  

the  miles tones  on the path;  and Tom and Joe wil l  provide more of  the  

detai ls  of  how we got  to  some of  the miles tones  that  are  shown on this  

s l ide .  

We went  through the avai lable  information and as  we discussed 

in  the White  Paper  we concluded that  the  l ines  of  evidence did not  

show a consis tent ,  reproducible  effect  of  a t razine across  the exposure 

concentrat ions  in  the  amphibian species  tes ted.  But  we also noted 

that  there  were issues  concerning the s tudy protocols ,  the  

experimental  designs,  and inherent  uncer ta int ies  in  the  issue a t  hand 

to  make i t  d i ff icul t  to  ful ly  interpret  the  informat ion.  And 

consequent ly  and as  a  resul t  of  the  s t rength of  the  s tudies ,  we did 

come to  the  conclusion that  the  avai lable  data  is  of  suff ic ient  qual i ty  

to  es tabl ish a  r isk  hypothesis  that  a t razine could cause developmental  
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effects  in  amphibians . 


Between Tom's  ta lk  and Joe 's  ta lk ,  we ' l l  review the White  Paper  

in  the context  of  how we reach that  r isk  hypothesis  and establ ish in  

more detai l  the  conceptual  mode of  a t razine 's  mechanism of  proposed 

mechanism of  act ion and how that  could lead to  developmental  effects  

or  reproduct ive effects  in  the  context  of  the  r isk assessment  endpoint  

that  I  ment ioned previously. 

And,  f inal ly,  the  las t  major  product  f rom a problem formulat ion 

and as  discussed in  the White  Paper,  i s  the  analysis  plan.  The 

analysis  plan,  again,  is  a  ser ies  of  opt ions to  have a  dialogue with  the 

r isk managers  in  the Agency in  terms of  where to  move forward.  And 

here ,  again,  I  th ink i t ' s  important  to  come back to  the  interface 

between r isk assessment  and r isk management .  

In  an analysis  plan,  opt ions  are  created based on the scient i f ic  

cer ta int ies  and uncer ta int ies  avai lable  in  the  informat ion.  The 

decis ion as  to  how much uncer ta inty or  how much uncer ta inty one can 

make a  decis ion is  par t  of  that  in terface between the r isk assessor  and 

the r isk manager.  And so the analysis  plan lays  out  concepts  for  

future  s tudies ,  lays  out  a  roadmap for  future  s tudies .  But  they 're  in  

the  context  of  whether  or  not  greater  cer ta inty is  required to  make the 

regulator  decis ion.  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

31 

There 's  some science and then there 's  pol icy in  FDM that  goes  

on.  And the White  Paper  is  discussing the scient i f ic  cer ta int ies  and 

uncer ta int ies  that  EPA feels  exis ts  in  the current  body of  information 

and provides  some thoughts  and some concepts  and plans  as  to  how 

those uncer ta int ies  could be c losed i f  they need to  be c losed to  make a  

regulatory decis ion.  

So the analysis  plan then,  based on our  r isk hypotheses  and the 

conceptual  model ,  are  designed to  enhance or  improve the c lar i ty  of  

potent ia l  causal i ty  in  terms of  a t razine 's  potent ia l  effects  on 

amphibians  as  wel l  as  to  fur ther  character ize  the  potent ia l  dose 

response re la t ionship between atrazine exposure  and developmental  

effects .  

In  fur ther  phases  of  the  analysis  plan,  i t  ta lks  about  making 

connect ions  to  mechanisms of  act ion as  wel l  as  ecological  re levancy. 

I  th ink that 's  another  important  point  to  br ing out  is  that ,  as  I  

ment ioned ear l ier,  r isk  assessments  can be i terat ive,  they can be 

phased,  they can be t iered,  and in  fact ,  an analysis  plan in  an 

ecological  r isk  assessment  can lay out  a  phased or  t iered approach to  

reducing uncer ta int ies ,  incremental  gains  in  knowledge as  a  basis  of  

needs for  informing the r isk managers  in  the  decis ions they need to  

make. 
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And as  you ' l l  note  in  the  White  Paper  and as  we ' l l  summarize 

this  morning,  the  analysis  plan lays  out  a  phased or  t iered approach to  

looking at  specif ic  uncer ta int ies  in  sor t  of  cascade approach.  

Again,  the  decis ions to  move through the phases  in  the analysis  

plan would be t ied to  r isk management  decis ion cr i ter ia .  But  how is  

the  science in  terms --  what 's  the  s ta te  of  the  science in  informing the 

r isk managers  for  different  decis ions  they may need to  make.  

So in conclusion from my ta lk, I want to s t ress that the White 

Paper  ref lects  our  conclusions to  date  based on our  analysis  of  the  

informat ion and our  interpreta t ion of  this  informat ion in  the  context  

of  the  Agency 's  r isk assessment  guidel ines .  Now we're  a t  the  

important  s tage of  gaining insights  and advice and counsel  f rom our  

scient i f ic  peers  in  terms how we've taken a  look at  the  data ,  how 

we've integrated the avai lable  information,  gain your  insights  and 

advice and counsel  on how we evaluated the s tudies ,  how we 

character ize  the  avai lable  s tudies ,  and the conclusions that  we drew 

from the avai lable  body of  information.  

Of course,  we 're  a lso looking forward to  your  thoughts  and 

opinions in  terms of  the  r isk assessment  endpoints  and the measures  

of  effects .  And then ul t imately the conceptual  model  and the analysis  

plan.  
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So with that ,  I ' l l  c lose .  And I ' l l  be  happy to  answer  any 

clar i fying quest ions  a t  th is  point .  

DR.  ROBERTS: Thank you,  Dr.  Bradbury,  for  laying out  the 

task in  f ront  of  us .  Let  me ask the panel  i f  they have any quest ions or  

c lar i f icat ions  for  you.  

I  see  no quest ions,  so  thank you very much.  

Let 's  go on then next  to  Dr.  Steeger 's  presentat ion on an 

overview of  the a t razine s tudies .  Good morning,  Dr.  Steeger. 

DR.  STEEGER: Good morning.  Thank you for  the opportuni ty  

to  discuss  some of  the  recent  l i terature  that  has  become avai lable  

regarding the potent ia l  effects  of  a t razine on amphibian development .  

As indicated,  the  Agency has  developed a  White  Paper  intended 

to  review recent  s tudies  conducted on the effects  of  a t razine on 

amphibian development .  This  presentat ion wil l  provide an overview 

of  the  s tudy reviews and at tempt  to  integrate  the  information to  

answer  whether  there  is  suff ic ient  informat ion to  substant ia te  c la ims 

that  a t razine exposure  resul ts  in  development  effects  in  amphibians .  

Panel  members  have had an opportuni ty  to  review each of  the  

s tudies  for  themselves .  This  presentat ion wil l  look at  the  s tudies  

col lect ively ra ther  than focus on individual  s tudies .  

As ear ly  as  1998 and cont inuing through this  year,  a  ser ies  of  
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s tudies  have been publ ished indicat ing the var iable  lengths  of  

exposure  to  a t razine is  associated with  gonadal  effects  in  amphibians  

based on two s tudies  publ ished by Tevera-Mendoza in  2001,  three 

s tudies  publ ished by Hayes in  2002,  research descr ibed in  a  poster  

presented by McCoy,  e t  a l . ,  in  2002 at  the  meet ing of  the  Society  of  

Toxicology and Enviornmental  Chemistry;  and a  s tudy by Carr,  e t  a l . ,  

in  2003;  there  is  suff ic ient  informat ion to  formulate  a  plausible  

hypotheses  that  a t razine exposure  may resul t  in  development  effects  

in  amphibian gonads and that  these effects  may impact  secondary 

sexual  character is t ics  in  these  animals .  

However,  a lso based on these s tudies  reported in  the open 

l i terature ,  there  is  a  lack of  consis tency in  the type of  effect  produced 

and the concentrat ion of  a t razine required to  produce that  effect .  

As par t  of  a  consent  decree between the Agency and the Natural  

Resource Defense Counci l ,  the  Agency agreed to  conduct  and review 

the avai lable  l i terature  regarding the effects  of  a t razine on amphibian 

development .  The Agency reviewed a  tota l  of  17 s tudies  that  were 

submit ted as  of  February 28,  2003.  As Steve indicated,  12 of  the 

s tudies  were sponsored by the regis t rant  where 5  were drawn from the 

open l i terature .  

Regis t rant-submit ted s tudies  received more scrut iny s ince more 
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data  were avai lable .  Al though none of  the  s tudies  were conducted 


under  good laboratory pract ice  condi t ions ,  many of  the  s tudies  had 


s tandard operat ing procedures  and some level  of  qual i ty  assurance in 


place.  Addi t ional ly,  on s tudies  where raw data  were avai lable ,  the 


data  were re-subjected to  s ta t is t ical  analyses . 


Since most  of  the  publ ished s tudies  did not  have s tandard 

operat ing procedures  nor  were raw data  avai lable  for  review on most  

of  the  s tudies ,  the  open l i terature  s tudies  were evaluated at  face value 

with  the unders tanding that  a l l  these publ ished s tudies  would have 

been subject  to  some degree of  scrut iny al ready through the journal 's 

peer  review process .  

No formal  guidel ines  exis ted for  specif ical ly  examining the 

effects  of  a t razine on gonadal  development  in  amphibians .  Current ly, 

there  are  no guidel ine s tudies  for  amphibians  and the Agency rel ies  on 

other  aquat ic  and terres t r ia l  tes t  species  to  serve as  surrogates  for  

es t imat ing r isks  to  amphibians .  

Addi t ional ly,  many of  the  measurement  endpoints  examined in  

the  recent  s tudies  differ  f rom those regular ly  ut i l ized by the Agency 

to  es t imate  acute  and or  chronic  r isk.  However,  the  Agency is  not  

confined to  using guidel ine s tudies  to  ident i fy  potent ia l  hazards .  The 

Agency rout inely re l ies  on open l i terature  to  provide addi t ional  
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insights  on the potent ia l  effects  of  pest ic ides  and may use this  

informat ion to  request  addi t ional  s tudies  to  address  uncer ta int ies .  

The regis t rants  Ingenta  voluntar i ly  undertook al l  of  the  s tudies  

submit ted for  the  Agency review. The s tudies  were prompted by 

concerns  that  a t razine exposure  could potent ia l ly  resul t  in  

developmental  effects  in  amphibians .  Al though over  many years  the  

regis t rant  has  completed both acute  and chronic  ecological  effect  

tes t ing on a  range of  species  in  both the laboratory and the f ie ld ,  we 

are  focused today on the recent ly  completed s tudies  completed on 

amphibians .  

As Steve indicated,  a  tota l  of  17 s tudies  were submit ted by the 

agreed upon February 28,  2003,  deadl ine.  The deadl ine was imposed 

to  a l low suff ic ient  t ime to  review the s tudies  and wri te  a  White  Paper  

regarding the review for  submission to  this  SAP.  Seven of  the s tudies  

were conducted exclusively in  the laboratory,  whi le  10 of  the  s tudies  

were conducted in  the f ie ld .  Field  s tudies  included Flor ida,  I l l inois ,  

Indiana,  Iowa,  Michigan,  Nebraska,  Utah,  Wyoming,  and South 

Afr ica .  

When s tudies  are  submit ted to  the Agency,  data  evaluat ion 

records  are  completed on each of  the  s tudies .  Typical ly,  data  

evaluat ion records  detai l  how and why the s tudy was conducted,  the  
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resul ts ,  and what  the s tudy 's  author  concluded from the data .  The 


Agency then analyzes  the s tudy 's  raw data  and at tempts  to  draw i ts 


own conclusions f rom the data .  Reviewers  ident i fy  any 


inconsis tencies  in  s tudy methods and resul ts  and then summarize their 


in terpreta t ion of  the  s tudy resul ts . 


As noted ear l ier,  most  of  the  open l i terature  did not  have 

suff ic ient  detai l  of  the  complete  in-depth data  evaluat ion records .  

And,  in  fact ,  data  evaluat ion records  are  not  typical ly  completed on 

open l i terature .  However,  evaluat ion records  were completed for  the  

f ive open l i terature  s tudies  to  capture  as  much of  the  methodology, 

data ,  and resul ts  that  were avai lable  in  the  publ ished s tudy. 

All  data  evaluat ion records  completed by the Agency undergo 

secondary review to  ver i fy  the pr imary reviewers  interpretat ion of  the  

s tudy. For  each of  the  17 s tudies  reviewed in  the White  Paper,  data  

evaluat ion records  were reviewed by three secondary reviewers .  

Copies  of  the  data  evaluat ion records  for  the  amphibian effects  

s tudies  have been provided to  the panel  members .  

Reviewed were the s tudies '  protocols  and qual i ty  assurance,  the  

s t rength of  cause-effect  re la t ionship,  whether  there  was a  dose 

response,  whether  the  observed effects  have a  plausible  mechanism of  

act ion that  is  consis tent  with  what  is  known about  the  chemical ,  and 
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f inal ly,  whether  the  measured effects  are  ecological ly  re levant .  

A range of amphibian species were tes ted in the s tudies . 

Al though the laboratory s tudies  may have re l ied on non-nat ive 

species ,  each of  the  f ie ld  s tudies  examined species  within their  nat ive 

range;  thus  cane toads were s tudied in  Flor ida,  bul l  f rogs  were s tudied 

in  Iowa,  northern leopard frogs were s tudied in  Wyoming,  Utah,  

Nebraska,  and Indiana,  green frogs were s tudied in  Michigan,  cr icket  

f rogs were s tudied in  I l l inois ,  and the Afr ican clawed frogs were 

s tudied in  South Afr ica .  Al though most  of  the  s tudies  re l ied on 

tadpoles ,  f ie ld  s tudies  examined both larval  and adul t  forms.  

Endpoints  measured in  the laboratory and f ie ld  s tudies  included 

t ime to  metamorphosis ,  growth in  terms of  length and weight ,  

presence of  gonadal  abnormali t ies ,  laryngeal  muscle  area ,  sex ra t ions ,  

plasma s teroid concentrat ions ,  and brain  and gonad aromatase act ivi ty  

levels .  

Gonadal  abnormali t ies  include misshapen gonads,  for  example,  

discont inuous tes tes  or  mult i - lobe tes tes .  However  hermaphrodi t ism 

was also observed.  For  the purposes  of  this  presentat ion,  the  terms 

hermaphrodi t ism,  intersex,  and ovotestes  are  used interchangeably to  

represent  the  co-occurrence of  tes t icular  and ovar ian t issue e i ther  in  

the  same gonad or  individual .  
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Effects on the amphibian laryngeal di la tor muscle were a lso 

descr ibed.  Although a  var ie ty  of  methods were used to  document  this  

effect ,  general ly  the  cross-sect ional  area  through the laryngeal  di la tor  

muscle  was measured.  Typical ly,  male  f rogs have a  larger  di la tor  

muscle  than females .  

No effor t  was made in  his  presentat ion to  s ingle  out  a  par t icular  

s tudy. Rather  the  focus is  on issues  that  were ident i f ied in  the s tudies  

col lect ively.  This  is  not  to  say that  a l l  the  s tudies  exhibi ted s imilar  

diff icul t ies .  Some s tudies  contained rela t ively few issues ,  whi le  

others  may have contained several .  However,  no s tudy was devoid of  

uncer ta int ies  and or  inconsis tencies .  

Since each of  the  s tudies  contained suff ic ient  uncer ta int ies  and 

consis tencies  or  inconsis tencies  that  rendered the data  of  quest ionable  

ut i l i ty,  data  evaluat ion records  focus pr imari ly  on methodological  

issues  ra ther  than on a  s ta t is t ical  analysis  of  the  data .  

As ment ioned previously,  there  were 7  laboratory s tudies  and 

10 f ie ld  s tudies .  Most  of  the  f ie ld  s tudies  had some laboratory 

analyses .  Col lect ively,  the  fol lowing issues  were ident i f ied in  the 

laboratory s tudies:  Atrazine contaminat ion of  the  controls ,  poor  

water  qual i ty,  poor  growth and development  and or  survival ,  h igh 

var iabi l i ty  in  endpoint  measures ,  lack of  reproducibi l i ty,  and the 
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unresponsiveness  to  posi t ive  controls . 


Atrazine contaminat ion in  the  controls  seemed to  be a  recurrent  

theme in  several  of  the  s tudies .  Measured concentrat ions  of  a t razine 

exceeded the levels  of  detect ion by a  factor  of  two and were a t  

concentrat ions  reported to  cause effects  in  other  s tudies .  For  

example,  in  several  of  the  s tudies ,  a t razine concentrat ions  in  control  

tanks was higher  than 0.1  micrograms per  l i ter.  The concentrat ion of  

a t razine reported by Hayes to  cause developmental  effects  in  f rog 

tes tes .  

Addi t ional ly,  several  s tudies  suggested that  animal  feed used in  

the s tudies  may have contained atrazine res idues .  However, 

separat ion techniques are  not  suff ic ient ly  developed to  a l low the 

researchers  to  ver i fy  and or  quant i fy  the concentrat ion of  a t razine in  

the feed.  

Laboratory s tudies  ranged from tes t ing a  s ingle  concentrat ion 

of  a t razine to  tes t ing a  broad spread of  concentrat ions .  Al though 

gonadal  effects  have been observed between 0.1 and 25 micrograms 

per  l i ter,  most  of  the  s tudies  did  not  suff ic ient ly  bracket  these 

concentrat ions  to  ver i fy  whether  a t razine a t  these concentrat ions  can 

resul t  in  a  consis tent  developmental  effect .  

Poor  water  qual i ty  was one of  the  most  frequent  issues  
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surrounding the laboratory s tudies .  Al though the Agency does not  

receive many amphibian s tudies  and does  not  have specif ic  guidel ines  

to  conduct  these s tudies ,  several  sources ,  for  example,  the  ASTM, 

exis t  that  do provide guidance for  conduct ing aquat ic  toxici ty  tes t ing 

using amphibians .  Unfortunately,  high loading rates  and frequent  and 

incomplete  exposure  water  changes resul ted in  diminished water  

qual i ty  as  evidenced by high ammonia and ni t r i te  levels  coupled with  

low dissolved oxygen.  

As a  resul t  of  poor  water  qual i ty,  many of  the  s tudy animals  

exhibi ted poor  growth,  low developmental  ra tes ,  d isease and high 

mortal i ty  ra tes  that  contr ibuted to  the  tes ts '  inabi l i ty  to  different ia te  

t reatment  effects .  In  some cases ,  growth was negat ively correla ted 

with  length of  t ime to  metamorphosis .  Where Xenopus laevis  

typical ly  requires  58 days to  complete  metamorphosis ,  in  some 

s tudies  larvae had not  undergone metamorphosis  by as  la te  as  100 

days.  High mortal i ty  ra tes  confounded some of  the s tudies;  and in  

some cases ,  required a  proposed s tudy methodologies  be abandoned.  

Several  of  the  s tudies  e lected to  measure  plasma tes tosterone 

and est radiol  concentrat ions  and aromatase act ivi ty  in  the  brain  and 

gonad.  Variabi l i ty  in  measured s teroid concentrat ions  were so high 

that  in  some cases  the s tudy was unable  to  different ia te  males  f rom 
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females .  Aromatase act ivi ty  in  the gonads ranged from being below 


the  level  of  detect ion to  sporadic  peaks in  act ivi ty  rendering within 


group var iabi l i ty  so high that  i t  would be diff icul t  to  different ia te  any 


t reatment  effect . 


With coeff ic ients  of  var ia t ion as  high as  roughly 500 percent ,  

s tudy designs were insuff ic ient  to  account  for  this  level  of  var iabi l i ty  

and s t i l l  be  able  to  detect  t reatment  effects .  In  some s tudies ,  

measurement  endpoints  would have had to  differ  by roughly 80 

percent  before  this  s tudy would have been able  to  detect  the  

difference.  

Many of  the s tudies  did not  run posi t ive  controls .  However,  on 

some of  the  s tudies  which did ut i l ize  dihydrotestosterone and 17-beta  

es t radiol ,  low percentages  of  animals  responded to  the t reatment .  

This  response differed from other  s tudies  that  indicated that  the  

t reatment  of  f rogs with  s teroids  would markedly impact  sex ra t ios  and 

the ra te  of  hermaphrodi t ism. 

I t  i s  uncer ta in  whether  the  lack of  responsiveness  to  posi t ive  

controls  was due to  animals  genuine insensi t ivi ty  to  the  s teroid 

hormones or  whether  there  was insuff ic ient  chemical  present  to  e l ic i t  

a  response.  

The Agency recognizes  that  f ie ld  s tudies  can be diff icul t  to  
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conduct  s ince researchers  are  not  able  to  control  environmental  

condi t ions .  Also the Agency recognizes  the diff icul ty  in  ident i fying 

sampling s i tes  that  can be considered t rue repl icates  of  one another. 

However,  of  the  f ie ld  s tudies  submit ted,  there  tended to  be 

considerable  var iabi l i ty  between sampling s i tes .  Similar  to  some of  

the  laboratory s tudies ,  a t razine,  both the parent  and i ts  degradates ,  

was present  in  reference groups.  Addi t ional ly,  other  t r iz ine 

herbicides  and chemicals  were present  but  not  a lways 

wel l -character ized.  

Where pest ic ides  were character ized,  their  concentrat ions  were 

in  some case re la t ively high.  And i t  i s  unclear  what  impact  they 

might  have had on the outcome of  the s tudy. In  some s tudies ,  there  

were unusual  environmental  condi t ions  that  may have impacted the 

s tudy. Unusual ly  high rainfal l  and increased predat ion due to  

int roduced species  were problematic .  

Similar  to  laboratory s tudies ,  var iable  hormone concentrat ions  

in  aromatase act ivi t ies  were problematic .  The var iable  plasma 

hormone levels  may have been a  resul t  of  col lect ing animals  over  a  

protracted per iod of  t ime.  In  one s tudy,  animals  were col lected over  

roughly a  s ix-month per iod where s tudy animals  were l ikely to  be a t  

di fferent  s tages  of  their  sexual  cycles .  Addi t ional ly,  i t ' s  unclear  
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whether  housing Xenopus laevis  in  c lose proximity to  one another  

fol lowing their  col lect ion inf luenced their  hormonal  concentrat ions  

and or  aromatase act ivi ty  of  these opportunis t ic  breeders .  

In  spi te  of  a l l  the  issues  ident i f ied in  the  avai lable  s tudies ,  the  

Agency bel ieves  that  the  laboratory and f ie ld  s tudies  have provided 

useful  information.  The s tudies  provide suff ic ient  information with  

which to  formulate  a  hypothesis .  They provide insight  on the 

potent ia l  sources  of  var iabi l i ty  and they provide insight  on future  tes t  

species  and s tudy condi t ions .  

Al though many of  the s tudies  did not  demonstrate  any effect  of  

a t razine on amphibian development ,  there  are  suff ic ient  data  to  

suggest  that  a t razine may be affect ing gonadal  development .  In  s ix  of  

the  s tudies ,  a t razine exposure was associated with  a  range of  gonadal  

effects  across  three species  of  amphibians .  There  are  suff ic ient  data  

to  minimal ly  formulate  the  hypothesis  that  a t razine exposure  may 

impact  gonadal  development .  However,  there  are  insuff ic ient  data  to  

refute  or  confi rm whether  a t razine is  actual ly  causing gonadal  effects .  

The Agency bel ieves  that  there  are  insuff ic ient  data  to  refute  or  

confi rm the hypotheses  that  a t razine exposure  may impact  gonadal  

development  because of  the  col lect ive uncer ta int ies  associated with  

the exis t ing s tudies .  Uncerta int ies  include whether  the  cause-effect  is  
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real  and can be readi ly  repeated in  different  laborator ies ;  what  is  the 


dose response re la t ionship,  the  mechanis t ic  plausibi l i ty  that  a t razine 


exposure  is  causing a  given effect ;  the  inabi l i ty  to  readi ly  extrapolate 


laboratory effects  to  the  f ie ld;  and the uncer ta in  ecological  re levancy 


of  the measurement  endpoints . 


Without  addressing these uncer ta int ies ,  the  Agency has  no way 

to  determine whether  a  par t icular  effect  can consis tent ly  be expected 

to  occur  a t  a  par t icular  level ,  whether  the  effect  i f  real  can be 

expected to  occur  in  other  animals ,  and whether  the  effect  is  l ikely to  

adversely effect  an animal 's  reproduct ive f i tness .  

While  gonadal  development  appears  to  be the pr imary effect  

associated with  a t razine exposure  in  amphibians ,  a  consis tent  

measurement  endpoint  for  the  effect  has  differed.  Atrazine exposure 

has  been demonstrated to  resul t  in  hermaphrodi t ism in  several  s tudies  

and laryngeal  effects  in  a  s ingle  s tudy. However,  other  s tudies  have 

not  been able  to  demonstrate  s imilar  effects .  While  males  have been 

pr imari ly  affected,  there  are  confl ic t ing data  on whether  females  are  

a lso impacted.  

Obtaining a  c lear  dose response re la t ionship has  been 

problematic  for  most  of  the  researchers  engaged in  s tudying the 

effects  of  a t razine on amphibians .  In  some s tudies ,  a t razine exposure 
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resul ted in  no effects ;  whi le  in  others ,  concentrat ions  as  low as  a 


tenth of  a  microgram per  l i ter  resul ted in  hermaphrodi t ism in  the 


laboratory.  Effor ts  by some researchers  to  substant ia te  these 


laboratory resul ts  were only successful  a t  a t razine concentrat ions  250 


t imes higher.


Addit ional ly,  data  f rom some s tudies  have suggested that  

fol lowing a  threshold effect  concentrat ion,  there  is  e i ther  a  level ing 

off  of  a  response or  a  diminished response at  higher  doses .  Therefore ,  

the  exis t ing data  have not  demonstrated a  t radi t ional  monotonic  dose 

response curve.  

Several  of  the  current  s tudies  have proposed that  a t razine 

exposure  resul ts  in  up-regulat ion of  aromatase act ivi ty  and a  

subsequent  decl ine in  tes tosterone concentrat ions  and an increase in  

es t rogen that  in  turn lead to  feminizing,  that  is ,  hermaphrodi t ism,  and 

demascul iniz ing,  that  is ,  decreased laryngeal  muscle  effects  in  

a t razine-exposed males .  

However,  no s tudy thus far  has  direct ly  demonstrated that  

aromatase act ivi ty  has  indeed been up-regulated.  And only one s tudy 

has  demonstrated that  plasma tes tosterone has  decreased in  

a t razine- t reated males .  

Al though many of  the s tudies  thus  far  have examined plasma 
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s teroid levels  and brain  aromatase act ivi ty  levels ,  i t  i s  uncer ta in 


whether  the proposed mechanism of  act ion is  l ikely to  be observed on 


the  basis  of  the  whole  animal .  Rather  aromatase act ivi ty  is  proposed 


to  increase in  the  tes tes  where androgenous tes tosterone is  converted 


to  es t rogen.  I t  i s  unclear  whether  these local ized increases  in  s teroid 


conversions could be detected in  blood plasma at  a l l . 


Out of  the  17 s tudies ,  one demonstrated gonadal  effects  in  both 

the laboratory and the f ie ld .  However,  in  this  s ingle  s tudy,  there  was 

a  c lear  lack of  a  dose response.  Coupled with  the var iable  effects  that  

have been noted,  even within the same species ,  extrapolat ing at razine 

to  potent ia l  f ie ld  effects  is  di ff icul t .  

While  intui t ively i t  may seem that  the  presence of  ovotestes  and 

reduced numbers  of  spermatogonial  cel l  mass  in  males  and reduced 

numbers  of  pr imary and secondary oogonia  in  females ,  may impair  the  

reproduct ive f i tness  of  f rogs and that  reduced laryngeal  muscle  mass  

and secondary sexual  character is t ics  may impair  an animals  abi l i ty  to  

a t t ract  mates .  There  are  not  data  current ly  avai lable  to  the  Agency 

with which to  gage impaired reproduct ive funct ion,  recrui tment ,  or  

survival .  

Addi t ional ly,  the  current  ecological  r isk  assessment  of  a t razine 

ident i f ies  that  some plants  have exhibi ted res is tance to  a t razine.  
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Some researchers  have speculated that  amphibians  may also develop 

res is tance to  the  potent ia l  effects  of  a t razine on amphibian 

development .  The Agency is  uncer ta in  regarding the role  of  

res is tance and recovery from the potent ia l  developmental  effects .  

The pr imary cr i ter ia  for  conduct ing ecological  r isk  

character izat ions  in  the  Agency are  that  they be t ransparent ,  c lear, 

consis tent ,  and reasonable .  Of  these cr i ter ia ,  t ransparency is  viewed 

as  the  pr incipal  value f rom among the four  s ince i t  leads  to  c lar i ty, 

consis tency,  and reasonabi l i ty. 

Consis tent  with  the EPA's  process  for  conduct ing ecological  

r isk  assessments ,  i t  has  evaluated the avai lable  data  fol lowing 

specif ic  evaluat ion cr i ter ia .  That  included experimental  design,  the  

s t rength of  the  cause-effect  re la t ionship,  the  dose response 

re la t ionship,  the  mechanis t ic  plausibi l i ty,  and the ecological  

re levancy.  The Agency has  provided these reviews to  panel  members .  

Based on i ts  review of  the  avai lable  l i terature ,  the  Agency 

bel ieves  that  there  is  suff ic ient  informat ion to  formal ize  a  hypothesis  

regarding the potent ia l  effects  of  a t razine on amphibian development .  

But  because of  the  uncer ta int ies  surrounding each of  the  s tudies  

conducted thus far,  the  Agency is  recommending that  addi t ional  

s tudies  be conducted.  The next  presentat ion by Joe Tietge wil l  
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discuss  the Agency 's  recommendat ions for  addi t ional  tes t ing. 


In  conclusion,  as  of  February 28,  2003,  the Agency has  

reviewed a  tota l  of  17 s tudies  examining the effects  of  a t razine on 

amphibian gonadal  development .  These s tudies  have involved both 

laboratory and f ie ld  work and have looked at  s ix  species  of  anurans.  

In  each of  the  s tudies ,  the  Agency has  ident i f ied concerns  regarding 

the s tudy methodologies  and or  resul ts  that  potent ia l ly  l imit  the  

ut i l i ty  of  the  s tudies .  

Based on al l  17 s tudies ,  a t razine exposure did not  produce 

consis tent ,  reproducible  effects  across  a l l  species  tes ted;  therefore ,  

the  weight  of  evidence suggests  that  a t razine exposure does  not  

impact  gonadal  development .  However,  there  are  l ines  of  evidence 

from both laboratory and f ie ld  s tudies  that  support  the  formulat ion of  

a  plausible  hypothesis  that  a t razine exposure  may resul t  in  

developmental  effects  in  amphibians .  

Al though the current  s tudies  cannot  be used to  refute  or  confirm 

the hypothesis  that  a t razine exposure  may resul t  in  gonadal  

development  effects ,  the  s tudies  do provide useful  information of  the  

sources  of  var iabi l i ty. This  informat ion wil l  be  cr i t ical  to  the  design 

of  future  s tudies .  

There  are  insuff ic ient  data ,  as  I  indicated,  to  refute  or  confi rm 
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the  effects  of  a t razine on amphibians .  I f  r isk  managers ,  however,


wish to  reduce the current  uncer ta int ies  regarding the potent ia l 


effects  of  a t razine on amphibians ,  the  Agency recommends that 


addi t ional  s tudies  be ini t ia ted.  These s tudies  should bui ld  on the 


current  body of  information. 


I f  addi t ional  tes t ing is  required,  the  Agency is  proposing that  a  

phased approach be used to  examine the cause-effect  dose response 

mechanis t ic  plausibi l i ty,  and the ecological  re levancy of  any effects  

observed fol lowing the exposure of  amphibians  to  a t razine.  Joe 

Tietge who wil l  fol low me wil l  present  what  the Agency is  proposing 

as  fol low-up s tudies .  

Are there any quest ions? 

DR. ROBERTS: Great .  Thank you,  Dr.  Steeger. Before we 

move on to  the next  presentat ion,  I  th ink this  is  good opportuni ty  for  

the  panel  to  ask you any quest ions  they might  have on the Agency 

review of  the 17 s tudies .  Are there  any quest ions among panel  

members  regarding the Agency 's  review. 

DR. KELLEY: I  have a  quest ion.  

DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: So for  instance you said that  in  some of  the 

s tudies  you fai led to  document  sex differences  in  s teroid levels .  How 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

51 

did you know that  you would expect  to  see those sex differences? 

DR. STEEGER: We didn ' t .  

DR.  KELLEY: So that  is ,  in  fact ,  then not  such a  useful  

cr i ter ia .  

DR. STEEGER: We --

DR. KELLEY: If  you didn ' t  know you expected to  see them and 

then you didn ' t  see  them, how did you know they were there  anyway? 

DR. STEEGER: You're  ta lking about  sex differences  in  the 

s teroid level  hormone concentrat ions .  

DR.  KELLEY: In s teroid levels .  Right .  

DR.  STEEGER: Well ,  we didn ' t  know what  to  expect .  Because 

as  I  indicated,  th is  was a  new area for  the  - -  these measurement  

endpoints  were new for  the Agency to  consider. 

DR.  KELLEY: All  r ight .  

DR. ROBERTS:  Yes, Dr. Skel ly. 

DR.  SKELLY:  I  jus t  had a  general  quest ion about  whether  in  

your  review you considered any sor t  of  a  l ine  below which the qual i ty  

of  data  issues  meant  that  you wouldn ' t  consider  the  evidence from that  

s tudy. 

DR. STEEGER: When the Agency receives  guidel ine s tudies ,  

we have what 's  cal led the "reject ion ra te  analysis"  where there  are  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

52


cer ta in  character is t ics  of  the  s tudy which wil l  e l iminate  i t  f rom 


considerat ion.  Some of  the  s tudies ,  one potent ia l  factor  that  can 


el iminate  a  s tudy for  considerat ion is  the  presence of  the  tes t 


chemical  in  control  s i tes .  Because these s tudies  weren ' t  conducted 


fol lowing guidel ines ,  we didn ' t  real ly  have a  cr i ter ia  that  would real ly 


el iminate  i t  f rom considerat ion.  But  that  would const i tute  a  reason to 


re ject  a  s tudy. Does that . . . 


DR. SKELLY:  So you considered reject ing s tudies  and decided 

not  to .  

DR.  STEEGER: We considered that  we would just  review the 

s tudies  as  they exis ted without  any considerat ion for  what  would 

const i tute  a  fa ta l  f law in  the  s tudy. 

DR. KELLEY: Can I  ask then --

DR. ROBERTS:  Excuse me. 

DR. KELLEY: --  just  fol low up --

DR. ROBERTS:  Dr. Kel ley. 

DR. KELLEY: Yeah.  

DR. ROBERTS: You've got  to  wai t  for  me to  cal l  on you.  Dr. 

Kel ley. 

DR. KELLEY: Thank you.  Just  to  fol low up on that  quest ion.  

So do you use a  cr i ter ion that  might  take into  account  the  weight  of  
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the  evidence,  in  that  case  just  s imply the number  of  s tudies?  So i f 


you had 22 s tudies  that  got  an effect  and 5 that  didn ' t  you would 


consider  not  having rejected any of  them as  weighing in  on the weight 


of  evidence in  favor  of  the  f i rs t  resul t  ra ther  than the second? 


DR. STEEGER: In this  case,  we are  not  using a  - -  because of  

the  inconsis tencies  in  a l l  the  s tudies ,  we couldn ' t  real ly  use  a  weight  

of  evidence approach.  As I  indicated throughout  my presentat ion,  

what  seems to  be a  recurrent  theme,  a  l ine  of  evidence,  that  there  

seemed to  be some effects  that  recur  over  the  s tudies .  But  the  weight  

of  evidence approach does not  work for  us  in  this  case because there  

were such,  in  our  view,  glar ing problems with each of  the  s tudies  that  

i t  was not  diff icul t  to  weight  them per  se .  

DR.  KELLEY: One las t  quest ion.  You had,  whatever  i t  was,  19 

s tudies  - -  i s  that  r ight?  - -  12 and 7.  

DR. STEEGER: Seventeen s tudies .  

DR.  KELLEY: Seventeen s tudies .  After  you completed the 

White  Paper,  did  you become aware of  any s tudies  that  were not  

included in  the White  Paper  that  you had missed for  one reason or  

another?  

DR. STEEGER: Our contractor  provided us  with - -  are  we 

ta lking about  amphibian s tudies?  
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DR. KELLEY: Amphibian s tudies .  

DR. STEEGER: Not  that  we were aware of .  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: I 'm paraphrasing here .  But  you said 

something to  the effect  that  the  hypothesis  wasn ' t  accepted because no 

consis tent  reproducible  effects  across  a l l  species  were observed.  And 

I  was wondering i f  that  was actual ly  a  requirement  for  accept ing the 

hypothesis ,  that  consis tency among al l  species  be observed.  

DR. STEEGER: No,  i t ' s  not .  

DR.  LEBLANC: And a  second quest ion is  were other  species ,  

ver tebrate  species ,  aquat ic  ver tebrate  species  considered in  the  

l i tera ture  review? 

DR. STEEGER: No,  they were not .  We do have information on 

other  species .  But  our  review looked at  amphibians  only. 

DR. ROBERTS:  Dr. Gibbs. 

DR.  GIBBS: Just  quickly,  in  your  character izat ion of  avai lable  

s tudies ,  you ment ioned that  data  evaluat ion records  focused pr imari ly  

on methodological  problems rather  than s ta t is t ical  analyses .  Could 

you elaborate  on that?  

DR. STEEGER: Because of  the problems with a t razine 

contaminat ion in  the controls ,  the  unresponsiveness  of  animals  to  the  
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posi t ive  controls ,  the  s low development  of  the  animals ,  the  high 

mortal i ty  ra tes  that  were exhibi ted on many of  the  s tudies ,  those were 

what  we considered to  be problematic  that  would have rendered the 

data  of  quest ionable  ut i l i ty. So we didn ' t  real ly  focus on analyzing 

the data  per  se .  

Now I  did ment ion,  though,  that  on the aromatase and plasma 

s teroid concentrat ions ,  there  was high var iabi l i ty. We do analyses  to  

ver i fy  that  there  was indeed high levels  of  var iabi l i ty  in  the  

measurement  endpoints .  But ,  again,  because of  the  way that  the  

information was col lected,  i t  would have been problematic  for  us  to  

move forward with the s tudy independent  of  what  the analyses  told  us .  

DR.  GIBBS: Was the assumption that  that  peer-review process  

would have caught  any problems or  issues  with  the s ta t is t ical  analyses  

as  reported? 

DR. STEEGER: Well ,  the  peer  review process ,  are  we ta lking 

about  for  open l i terature? 

DR. GIBBS:  Yeah. 

DR.  STEEGER: For  the open l i terature ,  i t ' s  rare  for  journals  to  

have access  to  the author 's  raw data .  So i t ' s  unl ikely they would have 

caught  that .  

DR.  ROBERTS: Okay. Any other  quest ions?  Okay. I  see  
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none.  Then we have scheduled a  break now. We're  a  l i t t le  ahead of 


schedule .  I  guess  whether  or  not  we go to  break kind of  depends on 


the  length of  the  next  presentat ion.  So le t  me just  ask you,  Mr.


Tietge,  we have al lot ted an hour  for  that  ta lk .  What 's  your  best 


guess? 


MR. TIETGE: I  think i t  wi l l  take about  30 minutes .  

DR.  ROBERTS: Then le t 's  go ahead and move on to  your  

presentat ion.  

MR. TIETGE: Thank you.  I 'm just  going to  get  s tar ted here .  

The basis  for  this  ta lk  today is  that  the  evaluat ion of  the  

current ly  avai lable  data  as  previously reviewed by Dr.  Steeger  

suggests  that  anuran reproduct ive f i tness  may be adversely affected 

by exposure  to  a t razine.  However,  the  data  are  insuff ic ient  to  

conclude that  a t razine adversely affects  anuran reproduct ion.  

Therefore ,  fur ther  s tudies  are  proposed fol lowing the Guidel ines  for  

Ecological  Risk Assessment  to  reduce the uncer ta int ies  and permit  an 

eventual  r isk  character izat ion i f  warranted.  

These conclusions are  based on the fact  that  there  are  a  number  

of  remaining uncer ta int ies  including the fol lowing:  The number  of  

aff i rmat ive s tudies ,  that  is ,  those that  seem to demonstrate  an effect  

on gonadal  development  and secondary sexual  character is t ics ,  the  
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sample;  there 's  l imited evidence of  repeatabi l i ty  between 


laborator ies ;  the  dose-response re la t ionship remains  undefined due to 


the  lack of  suff ic ient  dose-response data;  the  mechanis t ic  plausibi l i ty 


of  the hypothet ical  mode of  act ion is  current ly  unsupported by the 


avai lable  data  on amphibians;  and,  f inal ly,  the  ecological  re levancy of 


the  potent ia l  effects  of  a t razine exposure  on amphibians  remains 


undetermined. 


Based on these observat ions,  i t  i s  EPA's  recommendat ion that ,  

i f  the  r isk management  process  requires  fur ther  reduct ions  in  these 

uncer ta int ies ,  then addi t ional  laboratory s tudies  need to  be conducted 

before  any addi t ional  r isk  assessment  act ivi t ies  regarding the effects  

of  a t razine on amphibian reproduct ion are  undertaken.  

The object ives of this presentat ion are , f i rs t , to review the 

concept  of  problem formulat ion as  used in  the Agency 's  ecological  

r isk  assessment  process;  second,  to  res ta te  the  environmental  goals  

and assessment  endpoints  necessary to  make the r isk management  

decis ions;  th i rd ,  propose a  conceptual  model  for  a t razine act ion on 

anuran reproduct ion by def ining a  r isk hypothesis ;  four th ,  propose an 

analysis  plan which ident i f ies  measures  of  effect  re levant  to  the 

assessment  endpoints  and r isk hypothesis  and includes  a  phased-study 

approach to  tes t  central  components  of  the  r isk hypothesis ;  f i f th ,  
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ident i fy  cr i t ical  decis ion points  in  the  phased approach;  and,  f inal ly, 

to  provide some conclusions.  

I t ' s  not  my intent  here  to  give a  detai led discussion of  the  

ecological  r isk  assessment  paradigm, but  I  want  to  remind you or  

famil iar ize  you with the basic  components  of  an ERA. Because as  

a l ready ment ioned by Dr.  Bradbury this  morning,  we are  using the 

ERA paradigm to guide our  approach on this  issue.  

Brief ly,  th is  process  can be represented as  three dis t inct  

phases:  Problem formulat ion,  analysis ,  and r isk character izat ion.  

Problem formulat ion is  the  foundat ion of  the  ecological  r isk  

assessment  process  as  i t  lays  out  the  goals  and approaches necessary 

for  the successful  complet ion of  an assessment .  Much of  what  I 'm 

present ing to  you today is  indeed par t  of  the  problem formulat ion 

phase.  

The analysis  phase is  the  phase that  implements  the  approach 

developed in  the problem formulat ion and generates  the  data  required 

to  complete  the  f inal  phase,  which is  r isk  character izat ion.  I ' l l  only 

touch on the analysis  phase today as  i t  re la tes  to  the  approach 

developed and problem formulat ion.  I  wi l l  not  r isk  character izat ion 

except  to  say that  th is  is  the  phase that  takes  into  account  the  

probabi l i t ies  associated with  exposures  and effects  and resul ts  in  
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some conclusion regarding r isk. 


In  this  s l ide ,  I  have expanded the problem formulat ion box here  

in  order  to  demonstrate  that  there  are  four  main components  to  

consider. The f i rs t  i s  the  integrat ion of  the  avai lable  data  as  

presented previously by Dr.  Steeger. This  is  a  cr i t ical  s tep because i t  

ident i f ies  the  potent ia l  problems associated with  a  par t icular  s t ressor, 

in  this  case  a t razine,  and serves  to  ref ine and focus the r isk 

assessment  quest ions  and,  therefore ,  a l l  subsequent  act ivi t ies .  

The remaining three components  of  problem formulat ion:  

select ing the assessment  endpoints ,  developing a  conceptual ,  and 

developing an analysis  plan,  is  the  focus of  this  ta lk  today.  Before  I  

launch into  these areas ,  I 'd  l ike  to  point  out  the  cr i t ical  connect ion of  

problem formulat ion to  analysis .  

In  this  s l ide ,  I 've  expanded the analysis  phase to  show i ts  

components  as  wel l .  In  general ,  in  the  case of  a  chemical ,  th is  phase 

typical ly  evaluates  exposure  as  depicted in  the  lef t  s ide of  the  large 

gray box and effects  as  shown on the r ight .  What  I 'd  l ike  emphasize 

here  is  that  the  analysis  plan that  I  wi l l  present  today,  which is  par t  of  

the  problem formulat ion phase,  provides  guidance for  how to conduct  

the  s tudies  on effects  and is  thereby a  prerequis i te  to  measuring 

effects .  
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I 'd  l ike  to  re turn to  the problem formulat ion phase and discuss  

i t  in  terms of  a t razine.  Firs t ,  the  overal l  environmental  goal  is  to  

ensure  anuran populat ions  are  viable  and self -susta ining.  This  goal  is  

ra ther  gener ic .  But  i t  serves  to  or ient  the  assessment  process  by 

focusing on a  specif ic  object ive.  And al though i t  i s  somewhat  

s implis t ic ,  i t  can be diff icul t  to  actual ly  assess  the  impacts  of  

a t razine,  or  any other  chemical  for  that  mat ter,  on anuran populat ions  

direct ly  in  the  f ie ld .  

But  the  assessment  endpoint ,  successful  reproduct ion and 

recrui tment  of  nat ive anurans,  is  di rect ly  re la ted to  populat ion s ta tus .  

And as  indicated by some of  the  a t razine s tudies  evaluated ear l ier  

today,  some aspects  of  reproduct ion,  including gonadal  development ,  

are  measurable  endpoints  re levant  to  the  concern surrounding at razine 

exposure.  

Knowing the environmental  goal  and the assessment  endpoints ,  

and given the fact  that  some s tudies  indicate  that  reproduct ive system 

development  and secondary sexual  character is t ics  may be affected by 

at razine,  we need to  construct  a  conceptual  model .  The conceptual  

model  in  the  form of  a  r isk  hypothesis  is  an a t tempt  to  develop a  

model  that  uses  exis t ing information to  form a plausible  explanat ion 

of  the  potent ia l  effects  of  a t razine on the assessment  endpoints .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

61 

That  model  is  depicted diagrammatical ly  in  this  s l ide .  The 

hypothesized effects  of  a t razine are  presumed to  be ini t ia ted by a  

molecular  interact ion.  This  interact ion resul ts  in  increased aromatase 

act ivi ty,  the  enzyme responsible  for  the  convers ion of  tes tosterone to  

es t radiol .  The increased act ivi ty  of  aromatase resul ts  in  an evaluat ion 

of  endogenous es t radiol  which affects  feminizat ion,  for  example,  in  

the  male  gonad.  

I f  the  effects  in  the male  gonad are  severe  enough,  then 

reduct ion is  fer t i l i ty  and reproduct ive success  could be real ized.  

Which leads  to  a  hypothet ical  reduct ions  in  recrui tment  thereby 

impair ing populat ion maintenance which is  in  fact  the  assessment  

endpoint .  

This  r isk hypothesis ,  which is  based on the information on the 

l i terature  and from submit ted s tudies ,  may or  may not  be correct .  But  

i t  forms the basis  of  the  proposed s tudies  and can also be thought  of  

as  a  working hypothesis .  Because of  the  uncer ta int ies  associated with  

the  r isk  hypothesis  are  re la t ively high,  i t  i s  l ikely  that  i t  wi l l  be  

modif ied when data  become avai lable .  

As with  any hypothesis ,  some elements  are  easier  and or  are  

more important  to  tes t  than others .  So the quest ions  is :  At  what  point  

in  the  r isk hypothesis  should hypothesis  tes t ing be introduced to  
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evaluate  the  specif ic  sub-quest ions? Or a l ternat ively,  what  is  the  best  

s t ra tegy to  evaluate  the  t ra in  of  events  in  the  r isk hypothesis  to  tes t  

i t s  val idi ty. 

In  the case of  this  specif ic  r isk  hypothesis ,  i t  i s  our  view that  

the  most  appropria te  entry  point  is  a t  the  level  of  determining the 

effects  of  a t razine on gonadal  development ,  the  apical  organismal  

level  endpoint .  The reasons for  this  are ,  f i rs t  of  a l l ,  th is  is  the  

endpoint  on which much of  the concern hinges.  But ,  secondly,  readi ly  

avai lable  methods exis t  to  tes t  the  sub-hypothesis  with  re la t ively 

inexpensive methods that  permit  the  analysis  of  large sample s izes .  

And perhaps most  important ly,  th is  endpoint  is  the  l inchpin in  

the ent i re  t ra in  of  events .  That  is ,  i f  a t razine is  found to  affect  

gonadal  development  with  a  greater  degree of  cer ta inly than current ly  

exis ts ,  then this  resul t  provides  s t rong rat ionale  to  conduct  s tudies  on 

the proceeding and subsequent  e lements  of  the  r isk hypothesis .  

I f  on the other  hand,  a t razine does  not  affect  gonadal  

development  fol lowing a  systematic  effor t  to  s tudy this  potent ia l  

phenomenon,  then the logic  t ra in  of  this  r isk hypothesis  is  broken and 

there  may be no impetus  to  fol low up by tes t ing the upstream and 

downstream elements .  

So now that  we have an assessment  endpoint  selected and a  
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conceptual  model  in  place,  we can now develop an analysis  plan.  


There are  four  major  e lements  to  the  analysis  plan:  A s t ra tegy to 


evaluate  the  r isk hypothesis  which I 've  a l ready touched on in  the las t 


s l ide;  se lect ion of  endpoints  to  evaluate  a lso referred to  as  measures 


of  effects ;  determinizat ion of  appropria te  methods;  and a  sequence of 


analysis  that  fol lows the most  eff ic ient  path to  accept  or  refute  the 


r isk hypothesis  in  a  systematic  and organized manner.


I 've  excerpted the f i rs t  sect ion of  the  r isk hypothesis  in  the  f i rs t  

panel  that  I  jus t  put  on the screen.  In  the proposed analysis  of  a  r isk  

hypothesis  as  shown as  hypothesis  tes t ing which is  in  the second 

panel .  As I  ment ioned ear l ier,  the  entry point  for  tes t ing the r isk 

hypothesis  proposed to  be the effects  on the gonads a t  the  organismal  

level .  So beginning at  the  organismal  level ,  the  effects  of  a t razine on 

gonadal  development ,  par t icular ly  in  the  males ,  i s  the  pr imary 

endpoint .  

Developing data  a t  th is  level  is  cr i t ical  in  that  i t  may provide 

the ra t ionale  and just i f icat ion for  conduct ing re levance and or  

mechanis t ic  s tudies .  I f  these  organismal  level  tes ts  are  aff i rmat ive,  

then measurements  of  sex s teroids  should be conducted.  And i f  

es t rogen levels  are  shown to  be e levated in  the  a t razine t reatments ,  

then measurements  of  aromatase act ivi ty  could be indicated as  
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previous s tudies  have at tempted.  I f  posi t ive ,  the  data  from these 

s tudies  wil l  be  useful  to  es tabl ish a  mechanis t ic  basis  for 

inter-species  extrapolat ion,  fur ther  develop the plausibi l i ty  of  the  

mechanisms involved,  and develop appropria te  biomarkers  that  could 

be used in  future  f ie ld  s tudies .  

Al though sex s teroid and aromatase measurements  are  

necessary to  tes t  the  mechanis t ic  aspects  of  the  r isk hypothesis ,  they 

do not  provide meaningful  information on the ecological  re levancy of  

a  potent ia l  gonadal  effect .  Therefore ,  i f  gonadal  effects  are  observed 

at  the  organismal  level ,  i t  i s  possible  to  proceed direct ly  to  s tudies  

which evaluate  fer t i l i ty  endpoints  that  are  re levant  to  the  maintenance 

of  populat ions.  Furthermore,  i f  the  working hypothesis  is  supported 

by organismal  and suborganismal  s tudies ,  then i t  may be possible  to  

confirm the mode of  act ion by conduct ing confirmatory s tudies  which 

ut i l ize  no aromatase inhibi tors .  Rescue of  normal  morphology of  the 

male  gonad by an aromatase inhibi tor  co-adminis tered with  a t razine 

would provide substant ia l  support  of  the  r isk hypothesis  in  general  

and more specif ical ly  the mode of  act ion involved.  

However,  i f  any of  the s tudies  conducted as  par t  of  the 

hypothesis- tes t ing phase are  negat ive,  then al ternat ives  should be 

considered.  I f  no consis tent  and reproducible  effects  are  observed at  
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the  organismal  level ,  then there  may be no need to  cont inue any 


fur ther  tes t ing.  I f  on the other  hand,  the  organismal- level  tes ts  are 


aff i rmat ive and ei ther  the  s teroid or  aromatase s tudies  are  negat ive, 


then an al ternat ive hypothesis  may need to  be evaluated. 


Since this  is  purely  hypothet ical  a t  th is  t ime,  and i t  i s  outs ide 

the scope of  the  current  r isk hypothesis ,  no fur ther  discussion of  the  

a l ternat ive tes t ing wil l  be  presented.  

So now there 's an analysis plan.  I 'd l ike to discuss some of the 

detai ls  of  the  proposed s tudies .  These are  labeled as  phases  here  as  

they were a lso labeled in  the  White  Paper. 

Phase 1 ,  the  Test  for  Apical  Gonadal  Effects .  The f i rs t  and 

most  important  phase of  hypothesis  tes t ing in  this  phase is  to  

determine i f  a t razine exposure  resul ts  in  consis tent  and reproducible  

gonadal  effects  in  males  and females  and determine the shape of  the  

dose-response curve,  i f  any. 

This  s l ide  lays  out  the  key experimental  process  for  

considerat ion in  the Phase 1  s tudies .  The pr imary species  

recommended for  this  work is  Xenopus laevis .  The species  is  

recommended because i t  i s  amenable  to  laboratory tes t ing and has  

been shown by four  s tudies  to  be potent ia l ly  responsive to  the effects  

of  a t razine on gonadal  development  and different ia t ion.  
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Xenopus laevis ,  however,  is  not  a  nat ive anuran at  least  f rom  a 

North American perspect ive.  I t  may or  may not  be representat ive of  

nat ive anurans when i t  comes to  this  issue.  Therefore ,  a  secondary 

species  is  suggested such as  Rana pipiens ,  the  northern leopard frog,  

which can be used in  corroborat ive s tudies .  

There  is  one s tudy that  suggests  that  Rana pipiens  is  sensi t ive  

to  the effects  of  a t razine on gonadal  development .  However,  th is  

species  is  more diff icul t  to  work with  in  the  laboratory and most  labs  

do not  have cul ture  methods that  permit  cont inuous breeding and are ,  

therefore ,  unable  to  conduct  s tudies  throughout  the  year  with  Rana 

pipiens  as  can be done with  Xenopus laevis .  Despi te  the  l imita t ions  

associated with  Rana pipiens  cul ture ,  comparat ive s tudies  may be 

useful  to  develop data  to  determine the ecological  re levancy of  

potent ia l  a t razine effects  on a  nat ive species .  

The developmental  s tages  used in  these s tudies  need to  include 

those that  are  sensi t ive  to  the  effects  of  es t rogens.  In  a  s tudy 

conducted by Vil la lando,  1990,  with  Xenopus,  exposure to  an 

es t rogen el ic i ted effects  on gonadal  different ia t ion during the pre-

metamorphic  per iod.  However,  af ter  enter ing metamorphosis ,  the  

gonads were less  sensi t ive  to  es t rogen exposure.  The proposed 

s tudies  should include the pre-metamorphic  per iod and cont inue unt i l  
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the  organism completes  metamorphosis  a t  which t ime they should be 


evaluated. 


The tes t  condi t ion in  the  s tudies  reviewed ear l ier  a l l  use  

s ta t ic-renewal  condi t ions .  These methods did not  conform to the 

general ly  accepted biological  loading regs  recommended by ASTM 

and resul ted in  delayed development  and in  some cases  excessive 

mortal i ty. I t  i s  l ikely  that  these  problems resul ted form 

sta t ic-renewal  condi t ions  themselves  which resul ted in  the  

accumulat ion of  ni t rogenous wastes  and other  metabol ic  products  and 

general ly  poor  water  qual i ty. I t  i s  our  recommendat ion that  

f low-through condi t ions  be used that  adhere  to  ASTM standards  and 

thereby promote survival ,  growth,  and development .  

The concentrat ions  of  a t razine to  be used in  these proposed 

s tudies  should bracket  those found to  be effect ive in  per turbing 

gonadal  different ia t ion in  previous s tudies ,  that  is ,  a t  or  below .1  

micrograms per  l i ter  for  the  low and at  or  above 25 micrograms per  

l i ter  for  the  high.  And,  of  course ,  these concentrat ions  need to  be 

ver i f ied analyt ical ly. 

The use of  es t radiol  as  a  posi t ive  control  is  recommended s ince 

the potent ia l  effects  on the gonad are  proposed to  be mediated through 

this  pathway. 
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The sample s ize  and repl icat ion are  not  detai led here ,  but  they 

should be determined a  pr ior i  to  be suff ic ient  to  tes t  the  s ta ted 

hypothesis  using appropria te  s ta t is t ical  assumptions.  Sampling 

should include al l  organisms on tes t  to  avoid potent ia l  biases .  

And,  f inal ly,  the  endpoints  should include survival ,  growth,  

development ,  gross  gonadal  morphology,  gonadal  his topathology. 

From these data ,  male- to-female  sex ra t ios  can be der ived in  the shape 

of  the  dose-response curve determined for  each endpoint .  

Because there  are  issues  with  the  exis t ing s tudies  that  l imit  the  

usefulness  of  the  data ,  we propose that  qual i ty  indicators  be 

es tabl ished as  a  guide to  evaluate  val idi ty  of  the  proposed s tudies .  

Firs t  and foremost ,  the  tes ts  need to  be conducted in  accordance with  

ASTM standards  for  biological  loading and basic  water  qual i ty  

parameters  of  pH,  ammonia,  dissolved oxygen and need to  be 

contained within acceptable  l imits  and ver i f ied regular ly  throughout  

the conduct  of  the  s tudy. 

With regard to  the biological  endpoints ,  whi le  there  is  no br ight  

l ine  between acceptable  and unacceptable  survival  percentages ,  

survival  of  90 percent  or  more is  indicat ive of  a  qual i ty  s tudy. This  is  

a  reasonable  s tandard to  adopt  par t icular ly  for  Xenopus laevis  s tudies  

as  the  species  is  par t icular ly  hardy in  the  laboratory. 
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Similar ly,  growth of  Xenopus laevis  should resul t  in  organisms 

of  about  one-and-a-half  grams;  and this  wil l  vary between 

laborator ies .  Metamorphic  development  should be completed within 

10 weeks.  

But  there  are  no s tandardized methods.  And some  methods that  

are  proposed here  are  the  acceptance - -  there  are  no acceptance 

cr i ter ia  because of  the  lack of  s tandardized methods.  So these issues  

should be evaluated in  aggregate  using some professional  judgement .  

Measurements  of  sex s teroids .  I ' l l  now discuss  the remaining 

phases  of  the  analysis  plan very br ief ly.  Since the conduct  of  each of  

these phases  is  dependent  on the outcome of  the  previous phases ,  i t  i s  

premature  to  discuss  them in much detai l .  I  wi l l ,  however,  lay out  the  

object ive and potent ia l  approaches for  each phase,  recognizing that  

these may change as  more information becomes avai lable .  

The second phase of  the s tudy should be conducted i f  the  Phase 

1  s tudies  are  posi t ive .  The aim of  the  Phase 2  s tudies  is  to  determine 

i f  concentrat ions  of  es t radiol  and tes tosterone are  a l tered by exposure  

to  a t razine.  

The approach to this phase is based on the fact that the 

developmental  sensi t ivi ty  toward the feminizing effects  of  es t rogen in  

male  Xenopus laevis  has  been experimental ly  determined as  depicted 
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in  the  panel  in  the  r ight .  In  this  panel ,  developmental  s tages 


indicated is  indicated on the X axis .  The developmental  per iod 


between s tage 44 and 50 represent  a  per iod in  which est rogen is 


capable  of  completely  overr iding tes t icular  di fferent ia t ion resul t ing 


in  100 percent  of  the  tes t  populat ion with  ovar ies . 


As natural  gonadal  different ia t ion proceeds,  their  sensi t ivi ty  to  

this  effect  diminishes  as  is  indicated by a  per iod of  incomplete  

feminizat ion from androgenous es t rogen in  a  per iod of  apparent  

insensi t ivi ty  coincident  with  the onset  of  metamorphosis .  

This  suggests  that  i f  ovotestes  format ion in  the male  is  

dependent  on es t rogen,  that  the  e levated es t rogen levels  need to  be 

present  dur ing the sensi t ive  developmental  s tages .  Any associated 

s tudies  of  this  phenomenon should focus on the effects  of  a t razine on 

sex s teroids  dur ing these sensi t ive  per iods .  

However, i t remains uncer ta in as to whether more 

developmental ly  advanced organisms are  sensi t ive  to  the  feminizing 

effects  of  es t rogen on the gonad.  This  is  an area of  uncer ta inty that  

requires  more invest igat ion as  wel l .  

Moving on to  Phase 3 ,  the  measure  of  aromatase act ivi ty,  the  

object ive of  the  Phase 3  s tudies  is  to  determine i f  aromatase act ivi ty  

is  increased by exposure  to  a t razine during sensi t ive  developmental  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

71


s tages .  Whether  or  not  this  phase is  conducted,  is  dependent  on 


whether  the  proceeding s tudies  on sex s teroids  suggest  that 


modulat ion of  aromatase act ivi ty  may be responsible  for  e levated 


estrogen levels  for  example. 


Similar  to  the  approach for  measurement  of  the  sex s teroids ,  

there 's  a  developmental  component  to  the approach.  The 

developmental  expression of  aromatase mRNA has been determined 

for  Xenopus laevis  and is  presented in  the panel  on the r ight .  

Expression of  aromatase mRNA is  apparent  a t  approximately s tage 50 

and general ly  increases  with  development .  This  expression pat tern is  

over la id  on the previous graphic  depict ing the developmental  

sensi t ivi ty  toward est rogen-induced feminizat ion which decreases  

with  development .  

Taken together,  these s tudies  suggest  that  aromatase act ivi ty  

must  be e levated prematurely and at  suff ic ient ly  high levels  dur ing 

the es t rogen-sensi t ive  s tages  to  resul t  in  feminizat ion in  males .  

Therefore ,  a t  th is  point  in  t ime,  the  most  appropria te  approach may be 

to  examine this  phenomenon pr ior  to  the onset  of  metamorphosis  

which is  general ly  considered to  begin a t  about  Stage 54.  

Phase 4 ,  Aromatase Inhibi tor  Study. I f  i t  i s  demonstrated that  

the  previous phase of  aromatase act ivi ty  is  increase by at razine,  then 
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i t  may be desirable  to  determine i f  co-adminis t ra t ion of  an aromatase 


inhibi tor  with  a t razine rescues  the male  gonad from feminizat ion.  


This  approach would require  that ,  f i rs t ,  the  effect ive concentrat ion of 


an aromatase inhibi tor  be empir ical ly  determined.  Then based on the 


dose response data  in  the f i rs t  three phases ,  the  organisms would be 


exposed to  the  inhibi tor  s imultaneously wil l  affect  a t razine 


concentrat ions .  Then the effects  could be analyzed s imilar  to  the 


Phase 1 s tudies . 


On Phase 5,  Evaluat ing Ecological  Relevancy,  the  object ive 

here  in  this  f inal  phase is  to  determine i f  the  potent ia l  effects  of  

a t razine on gonadal  different ia t ion resul ts  in  reduced fer t i l i ty. 

There  may be several  approaches to  this ,  but  based on the 

premiss  that  feminizat ion of  males  occurred in  Phase 1 ,  the  approach 

that  I 've  out l ined here  is  to  determine i f  feminizat ion a l ters  fer t i l i ty  

using ei ther  in  vi t ro  or  in  vivo fer t i l izat ion methods.  Al though such 

methods are  used rout inely for  reproduct ive purposes  in  numerous 

laborator ies ,  they are  not  current ly  used to  quant i fy  fer t i l i ty  as  an 

important  parameter  to  es t imat ing reproduct ive output .  I f  such 

s tudies  are  warranted,  then addi t ional  research would have to  be 

conducted to  es tabl ish quant i f iable  methods.  

So in  conclusion,  i t  i s  possible  to  reduce the major  
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uncer ta int ies  associated with  the  potent ia l  r isk  of  a t razine to  

amphibians  by fol lowing a  phased sequence of  laboratory s tudies  

focused on the cr i t ical  components  of  the  r isk hypothesis ,  us ing 

current ly  avai lable  high qual i ty  methods that  are  s tandard for  aquat ic  

toxicology,  and establ ishing and adhering to  s tudy qual i ty  indicators .  

Al though the analysis  plan that  I  have presented lays  out  a  

re la t ively comprehensive set  of  s tudies  to  evaluate  the  r isk  

hypothesis ,  the  extent  to  which the proposed s tudies  are  actual ly  

conducted depend on two important  factors .  The f i rs t  i s  whether  or  

not  r isk  management  decis ions  require  reduct ion in  the  current  level  

of  uncer ta int ies  to  proceed.  And,  second,  is  whether  or  not  the  

outcomes of  the  ini t ia l  phases  indicate  that  addi t ional  s tudies  are  

logical  and valuable  in  terms of  tes t ing the components  of  the  r isk 

hypothesis .  These issues  wil l  have to  be evaluated as  more data  

become avai lable .  

Thank you for  your  a t tent ion.  I 'd  be happy to  enter ta in  

quest ions .  

DR.  ROBERTS: Thank you for  your  presentat ion.  I 'd  l ike  to  

give the panel  the  opportuni ty  now to ask you any quest ions  they 

might  have about  the proposed Agency approach that  you 've 

descr ibed.  Let 's  s tar t  wi th  Dr.  LeBlanc.  
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DR. LEBLANC: Joe,  do you ant ic ipate  a  temporal  sequence to  

the performance of  the phases  or  might  some of  the phases  be 

conducted at  the  same t ime? 

DR. TIETGE: I  think i t  would be up to  the laboratory who's 

proposing to  do the s tudies .  They cer ta inly could be conducted.  Or 

one could,  for  example conduct  an organismal- level  s tudy and then 

archive samples  for  fur ther  analysis  that  are  in  that  t ier.  I  wouldn ' t 

want  to  propose the t ier  as  being too l inear. So I  th ink some of  them 

could be done at  the  same t ime.  

DR. ROBERTS:  Dr. Kloas . 

DR.  KLOAS: I  would l ike to  know is  the hypothesis  is  focused 

on aromatase product ion.  So what  we found and up to  now and what  

is  more or  less  a  ver i f ied is  feminizat ion or  demascul inizat ion.  So 

this  could be a lso,  I  th ink,  obtained by ant i -androgenic  effects .  I 

th ink for  concept ional  f rame work,  we should include al l  as  a  

possibi l i ty  so that  we have an al ternat ive pathway to  receive 

feminizat ion or  demascul inizat ion via  the  ant i -androgenic  pathways.  

This  should be maybe from a ser ia l  point  of  view at  least  included.  

DR. TIETGE: I  would agree.  And I  t r ied to  leave the door  open 

in  the a l ternat ive path.  I  th ink that  once you get  away from the 

organismal  level  effects  in  the  r isk hypothesis ,  you have more and 
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more uncer ta inty especial ly  as  you go toward the mechanis t ic  s ide.  

So I  agree with  you tota l ly. 

DR. ROBERTS:  Dr. Kel ley then Dr. LeBlanc. 

DR.  KELLEY: With regard to  the f low-through proposal ,  as  

you know, most  Xenopus colonies  aren ' t  ra ised in  f low-through.  And 

in  the wild ,  of  course ,  you don ' t  f ind very many tadpoles  in  s t reams 

with any motion what  so ever. So are  you aware of  data  that  indicate  

that  a  f low-through system as  opposed to  a  s ta t ic  renewal  system with 

large volumes of  water  would have different ia l  effects  on mortal i ty?  

DR. TIETGE:  Well , the issue of the s ta t ic renewal versus 

f low-through isn ' t  - -  le t 's  see ,  how am I  going to  answer  this .  I f  one 

goes  back to  the ASTM guidel ines ,  which I  th ink are  fa i r ly  valuable  

in  terms of  es tabl ishing guidance for  biological  loading,  there  are  

guidel ines  for  s ta t ic  tes ts .  However,  for  a  typical  Xenopus individual  

i t  would require  probably three to  four  l i ters  of  solut ion per  

individual  to  meet  those s tandards .  So i f  you want  to  have tes ts  that  

have high enough end value in  order  to  tes t  your  hypothesis ,  i t  would 

require  very large exposure chambers .  And I  think that  would be very 

l imit ing.  

In  fact ,  in  our  laboratory,  we use f low-through condi t ions  

rout inely and achieve metamorphic  complet ion in  about  seven weeks 
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typical ly  post  fer t i l izat ion and usual ly  with  99 percent  or  higher 


survival  and apparent ly  good growth rates .  Often we have organisms


in  the  1 .8-  to  2-gram range when they 're  r ight  around s tage 60 pr ior  to 


the  weight  loss  that  occurs  through metamorphosis . 


I 'm not  sure  i f  I  answered your  quest ion.  Yes,  there  is  some 

basis  for  i t .  Also,  I  unders tand that  even with  the nat ive Ranas,  they 

don ' t  necessar i ly  l ive  in  f low-through condi t ions  in  the  f ie ld;  but  they 

also don ' t  l ive  in  a  s ta t ic  aquar ium in the f ie ld  because the system is  

more  complex. 

DR. ROBERTS: If  you have a  fol low-up quest ions that  would 

be f ine.  

DR.  KELLEY: So this  does  bear  to  the issue of  ecological  

re levance,  however. So i t ' s  not  ent i re ly  c lear  how a cont inuous 

f low-through system would bear  e i ther  on Xenopus that  avoid a  f low 

system or  on Rana even i f  i t ' s  not  tota l ly  s ta t ic  s ince much of  the  data ,  

s ince some of  the  concern,  a t  least ,  comes from things l ike  drainage 

di tches  and ponds accumulat ing in  runoff  f rom fer t i l ized f ie lds .  So 

one should,  I  th ink,  think about  whether  f low-through data ,  a l though 

wel l -control led from the point  of  view of  water  qual i ty,  actual ly  

would mimic the condi t ions  under  which exposure might  occur. 

DR.  TIETGE: I  unders tand your  point .  I t ' s  a  point  wel l - taken.  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

77 

However,  in  aquat ic  toxicology,  I  would suggest  that  the  more control  

you have over  the  experiment  in  terms of  water  qual i ty,  the  more 

confidence you have that  the  effect  that  you 're  observing is  re la ted to  

the  concentrat ion of  the  chemical .  I  th ink i t  i s  a  much different  

quest ion to  ask whether  or  not  a  laboratory s tudy is  di rect ly  

appl icable  or  representat ive of  f ie ld  condi t ions .  I  th ink that 's  the  

s ta te  of  the  science actual ly. 

DR. ROBERTS: Next  Dr.  LeBlanc,  fol lowed by Dr.  Isom, Dr. 

Kloas ,  and then Dr.  Skel ly. 

DR.  LEBLANC: In formulat ing your  hypothesis  on the 

mechanism by which at razine might  e l ic i t  effects  on developing 

gonads,  did  you consider  the work of  Ralph Cooper  showing in  ra ts  

the  effects  on gonadotropins? 

MR. TIETGE: The hypothalamus,  hypothalamic vectors?  

DR. LEBLANC: Yeah,  in  suppressing,  glueinizing hormone.  

MR. TIETGE:  I 'm cer ta inly aware of i t .  Of course , Ralph 's in 

the Agency so. . .  But ,  no,  I  th ink what  we t r ied to  fol low was the 

information that  we thought  was more specif ic  or  germane to  the 

amphibian issue.  So,  no,  we didn ' t  real ly  take i t  in to  considerat ion.  

However,  as  I  a lso answered Dr.  Kloas ,  we did leave the door  

open that  as  you f ind,  as  the  data  indicates ,  you can go to  an 
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al ternat ive,  take a l ternat ive paths . 


DR. LEBLANC: I  think induct ion of  aromatase may be 

consis tent  with  his  observat ions .  But  cer ta inly in  the  young male ,  the  

profound effect  that  he says  in  terms of  s teroid levels  was a  

suppression of  tes tosterone.  So I  would agree with Dr.  Kloas  that  

cer ta inly ant i -androgens is  something you might  want  to  consider  as  a  

posi t ive  control .  

DR. ROBERTS: Dr.  Isom, Dr.  Kloas,  and then Dr.  Skel ly. 

DR.  ISOM: The object ive of  your  proposed s tudy is  obviously 

to  determine the reproduct ive f i tness  of  the  species .  And I  noted in  a  

number  of  the s tudies  that  have been publ ished that  not  only do we 

have observed or  postulated effects  upon gonotropic  development ,  but  

a lso secondary sex character is t ics  that  are  important  for  reproduct ion 

l ike  laryngeal  muscle .  

I  was wondering why you aren ' t  proposing to  a t  least  measure  

that  in  the species  in  your  exposure s tudies .  And then a  second 

quest ion is  have you thought  about  posi t ive  controls  for  aromatase 

that  is  inducers  exposure .  

MR. TIETGE:  Okay.  The f i rs t quest ion was - -

DR. ISOM:  The laryngeal muscle . 

MR. TIETGE:  Right .  Laryngeal muscle .  I f I recal l the data 
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correct ly,  laryngeal  muscle  effects  were observed at  higher 


concentrat ions .  And so the gonadal  effects  were more sensi t ive .  


They cer ta inly,  i f  you affected laryngeal  muscle  to  a  cer ta in  level 


undetermined at  th is  point  in  t ime,  you cer ta inly could expect  to  have 


some potent ia l  effects  on reproduct ive act ivi ty. And I  think Dr.


Steeger  ment ioned that  in  his  ta lk  as  wel l . 


I  mean the door  could be open to  that .  

DR.  ISOM: I t  seems to  me that  i f  you 're  doing the s tudy,  you 

have the animal  there .  I t  wouldn ' t  be  that  di ff icul t  to  do that .  

MR. TIETGE: Actual ly,  we have --  I  have no experience with  

that  endpoint .  I 'm not  sure  how to deal  with  i t .  Would anybody. 

DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: I  do have experience with that  endpoint  s ince 

that 's  what  I 've  s tudied for  a  good long while .  And one of  the things 

that  I  th ink would be required in  a  s tudy of  this  kind is  to  enable  the 

animals  to  grow unt i l  they reached reproduct ive matur i ty. I f  you 

wanted to  s tudy the endpoint  of  sexual  different ia t ion funct ional ly, 

both in  terms of  act ive spermatogonia  in  tes t ing s i tuat ions ,  e i ther  

removing the tes tes  or  doing natural  mat ings which would be more 

var iable ,  and i f  you also wanted to  s tudy the endpoint  of  laryngeal  

funct ion,  which is  to  produce the male  advert isement  cal l  among other  
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cal ls ,  then you would need to  actual ly  have your  animals  go probably 


for  about  a  year. Al though,  i f  your  animals  are  growing fast ,  you can 


probably get  them to cal l  in  s ix  months . 


So those seem l ike natural  endpoints  that  re la te  very c losely to  

the issue of  reproduct ive success .  

DR. ROBERTS:  Okay. 

MR. TIETGE: A posi t ive  aromatase inducer,  that  cer ta inly 

could be done.  We didn ' t  include i t  because we were t rying to  s tay as  

direct ly  on the t rack as  we could.  But  cer ta inly i t ' s  a  f ine  idea.  

DR. ROBERTS:  Next quest ion or  c lar i f icat ion from Dr.  Kloas  

fol lowed by Dr.  Skel ly,  Dr.  Denver,  and then Dr.  Green.  

DR. KLOAS:  Of course , I would l ike to come back to 

f low-through versus  s ta t ic  renewal  system. I  th ink up to  now we have 

no real  indicat ion of  i f ,  a t  least  some unoff ic ia l  indicat ions ,  that  

maybe a  f low-through would reduce posi t ive control  effects .  For  

instance,  for  es t radiol ,  for  feminizat ion there 's  one s tudy I 'm aware of  

they have a  reduced feminizat ion effect  because i t ' s  f low-through.  

I 'm not  sure .  So I  think before  just  f ixing everything,  we should also 

maybe be aware that  we need a  comparat ive s tudy,  a  comprehensive 

s tudy,  between f low-through and s ta t ic  renewal .  

I  know also f rom this  f low-through experiment ,  the  tadpole 's 
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grow wel l  and also the developmental  s tages  were reached.  But  I 'm  a


l i t t le  bi t  concerned about  sexual  different ia t ion.  I 'm not  sure  that  you 


can say i t  doesn ' t  mat ter.


MR. TIETGE: I 'm famil iar  with  the s tudy,  I  th ink,  that  you 're  

referr ing to .  And I  f ind the resul ts  to  be somewhat  enigmatic .  

However,  in  using the f low-through condi t ions  in  our  laboratory,  I 

don ' t  th ink there 's  any effect  on sexual  different ia t ion based on the 

method i tsel f .  I  th ink that  f rom an eff icacy of  exposure point  of  view, 

the f low-through system probably ought  to  be more effect  than in  a  

s ta t ic  system because there 's  a  lot  of  evidence that  exis ts  with  the 

more hydrophobic  chemicals  wil l  be  depleted under  s ta t ic  condi t ions .  

That 's  very wel l  es tabl ished in  the  aquat ic  toxicology l i terature .  

DR.  KLOAS: I  agree f rom a theoret ical  point  of  view. But  did 

you do a  posi t ive  control  using est radiol  for  inducing feminizat ion in  

paral le l  in  this  system and i t  works? 

MR. TIETGE:  I t works, yes . 

DR. KLOAS:  I would l ike to see i t . 

DR. ROBERTS:  Let 's go to Dr. Skel ly.  But before we cont inue 

with  the quest ions ,  le t  me just  remind the panel  that  you wil l  have the 

opportuni ty  to  provide feedback on this  approach as  we address  the 

quest ions .  The purpose now is  real ly  just  to  get  c lar i f icat ion on the 
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Agency 's  approach.  Dr.  Skel ly. 

DR.  SKELLY:  I  had a  quest ion about  the designat ion of  

Xenopus laevis  as  a  pr imary species  and Rana pipiens  as  a  secondary 

species .  And I  guess  I ' l l  leave i t  a  l i t t le  bi t  open-ended.  But  I 'm 

interested in  why you made that  dis t inct ion and what  i t ' s  going to  

mean in  terms of  the  t iming in  your  conceptual  model  of  when things 

would happen and what  that  means in  terms of  how the s tudies  wil l  be  

used in  terms of  weight  of  evidence or  how they ' l l  be  pr ior i t ized in  

your  thinking.  

MR. TIETGE: Well ,  on the f i rs t  point ,  the  speed and ut i l i ty  of  

Xenopus laevis  over  Rana pipiens ,  I  th ink,  is  fa i r ly  universal ly  

accepted.  I  mean you can do --  I  real ize  that  some laborator ies  can 

produce Rana pipiens  throughout  the year  for  s tudying.  However, 

most  cannot .  And most  are  l imited to  col lect ions  that  occur  ear ly  in  

the spr ing to  conduct  Rana s tudies .  

By contrast ,  one could have mult iple  s tudies  within one year  

with  Xenopus laevis  and make some headway without  having to  wai t  

unt i l  the  natural  breeding season for  the  Rana species .  

Also,  I  th ink i f ,  based on the s tudies  that  were submit ted,  I  

th ink the quest ion is :  Can Xenopus be a  re l iable  surrogate  for  Rana? 

With regard to  this  endpoint ,  taking the s tudies  that  have been done at  
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face value,  I  guess  you 'd  have to  say yes .  I f  you have a  surrogate 


that 's  more eff ic ient ,  i t ' s  probably the way to  go. 


However, as wi th any of the issues of species extrapolat ion, 

there 's  no subst i tute  for  a  corroborat ion in  terms of  some comparat ive 

s tudies .  And so the intent  of  my point  that  I  made was that  you might  

do the hard work,  the  voluminous work,  with  Xenopus and t ry  to  get  

as  far  into  understanding the phenomenon as  you can;  and then,  when 

you have a  good handle  on what 's  going on and you have a  level  of  

confidence that  a l lows you to  go forward,  that  you would then go back 

to  Rana and do some confirmatory s tudies  because I  th ink you are  

l imited in  terms of  the  methods that  are  avai lable  with  Rana.  So that  

was my --

DR. SKELLY:  I ' l l jus t fol low up quickly.  So does this mean 

with your  f low chart  that  you might  do the work on Xenopus and come 

up with  a  negat ive resul t  and s top there  because you don ' t  need to  

corroborate  a  negat ive resul t  versus  a  posi t ive  resul t?  

MR. TIETGE: Well ,  that 's  a  great  quest ion because you never  

know what  to  do with negat ive resul ts .  I t ' s  hard to  make decis ions 

based on negat ive resul ts .  But  you might  s t i l l  have enough concern,  

based on the exis t ing information,  that  you 'd  go back and do a  Rana 

s tudy at  the  organismal  level  even i f  i t  was negat ive in  Xenopus.  
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I  think where Xenopus real ly  has  the advantage is  when you get  

in to  the  i terat ive  s tudies ,  especial ly  a t  the  mechanis t ic  level ,  where  

you 're  t rying to  def ine what 's  going on.  Because then that  would i f  

you,  for  example,  i f  the  working hypothesis  were demonstrated using 

that  approach that  I  la id  out ,  you might  be able  to  very quickly then 

go onto Rana pipiens  and ver i fy  that  the  same thing is  going on.  And 

that 's  what  I  was referr ing to  as  es tabl ishing a  basis  for  inter-species  

extrapolat ion when i t  came to  the value of  the  mechanis t ic  data .  

DR. ROBERTS: Dr.  Denver  fol lowed by Dr.  Green and then Dr. 

Gibbs.  

DR. DENVER:  Joe, some of the main concerns of the s tudies 

that  were reviewed by the Agency were the var iabi l i ty  within s tudies  

and also the var iabi l i ty  among s tudies .  And I 'm curious i f  the  Agency 

has  considered ways to  control  for  this  var iabi l i ty  in  terms of  the  

assays that  have been chosen and the way to  val idate  these assays 

among different  labs .  

I 'm thinking about  the  two types  of  assays that  you 're  

proposing.  One is  the  morphological  assay where you 're  looking at  

gonadal  morphology and the presence or  absence of  intersex 

individuals .  And these types  of  scor ing of  intersex individuals  may 

be inf luenced by subject ive measures .  Are there  any other  types  of  
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assays that  may be appl ied to  this ,  for  example,  by a  chemical  assay 


that  may assay for  tes t icular  or  ovar ian ant igens that  may be more 


object ive and may be even more sensi t ive? Has there  been 


considerat ion given to  developing s tandardized pools ,  say,  of  plasma


that  can be dis t r ibuted to  the  laborator ies  for  es t imates  of  es t rogens 


and androgens in  blood plasma to  val idate  those assays among 


laborator ies ,  th ings  l ike  that? 


MR. TIETGE:  Well , wi th regard to the more mechanis t ic things 

you brought  up in  your  las t  two points ,  no,  we don ' t  real ly  have 

anything going on there .  

But  going back to  your  f i rs t  comment  regarding the 

subject ivi ty,  I  th ink our  approach is  that  the  his topathology has  to  be 

included.  And his topathology or  pathology in  general  is  a  subject ive 

science.  But  I  th ink i t ' s  of ten - -  I  should say i t ' s  of ten a  subject ive 

science.  However,  i t ' s  a  science that  has  a  lot  of  confidence based on 

the experience and the review process  that 's  a  typical ,  modern 

pathology reviews and such.  

So I  th ink that  you can use a  subject ive endpoint  effect ively,  I 

th ink,  i f  you include the his topathology. But  with  regard to  the more 

mechanis t ic-based things,  I  don ' t  know of  anything that 's  going on in  

that  regard.  And we cer ta inly don ' t  have anything r ight  now. 
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We are  interested in  developing those ideas .  And I  think there 's 

movement  in  the Agency to  develop and val idate  amphibian methods.  

But  there  are  no val idated methods current ly. 

DR. ROBERTS:  Dr. Green then Dr. Gibbs then Dr. Richards . 

DR.  GREEN: Regarding some of  the secondary character is t ics  

in  the male  that  could be s tudied,  I  wondered i f  you could comment  on 

why in  the  l i terature  and anywhere e lse  that  I 've  seen so far  there  

hasn ' t  been an evaluat ion of  the  nupt ia l  pads in  Xenopus laevis .  

They 're  very easy to  see,  qui te  prominent ,  in  post-metamorphic  young 

juveni les .  And cer ta inly i f  they were feminized as  a  resul t  of  

exposure to  chemicals  in  the wild ,  I  would think that  those would 

diminish and that  could be fol lowed up in  f ie ld  s tudies  as  wel l  as  in  

the  laboratory. 

MR. TIETGE: So your  quest ion is  - -  are  you making a  point ,  or  

are  you asking a  quest ion? 

DR. GREEN: No.  I 'm asking:  Do you have plans to  look at  

that?  And i t  would fol low up on Dr.  Darcey 's  comment  that  you might  

have to  extend the s tudies  a  l i t t le  longer  in  order  to  be able  to  see  

them. But  they can be detected grossly  and his tological ly  qui te  ear ly, 

I  bel ieve.  

MR. TIETGE:  No.  I mean our plan is jus t a plan, and we 're 



87 

1 looking forward to  your  input .  And I  think we'd accept  that  and move 

2 forward.  

3 DR. GREEN: Okay. In  addi t ion to  the nupt ia l  pads,  another  

4 th ing would be the ventral  folds  around the c loaca in  females  are  

5 qui te  prominent .  And you would expect ,  perhaps,  i f  males  were 

6 feminized,  that  they might  become qui te  prominent  in  the  laboratory 

7 as  in  the  wild  as  wel l .  

8 DR. ROBERTS:  Dr. Gibbs. 

9 DR. GIBBS: A quick quest ion about  endpoints .  There  seems to  

10 be an inconsis tency insofar  as  in  the  Phase 1  s tudies  insofar  as  the  

11 survival  is  l i s ted as  an independent ly  varying endpoint  to  be 

12 measured.  And yet  in  the recommended s tudy protocol ,  survival  was 

13 something to  be constra ined to  remain above 90 percent .  

14 MR. TIETGE:  90 percent survival in the controls is what I was 

15 referr ing to  with  regard to  be an indicator  the  methods used in  the 

16 tes ts  were suff ic ient  to  promote survival .  

17 DR. GIBBS: Okay. Under  the var ious t reatments .  

18 MR. TIETGE: Under  the t reatments ,  of  course ,  that  would be 

19 given.  

20 DR. ROBERTS:  Dr. Richards then Dr. Coats . 

21 DR. RICHARDS: Just  a  very general  quest ion rela t ing to  the 
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two words "ecological  effects ."  We've ta lked about  reproduct ion, 


some aspects  of  that .  I  jus t  wonder,  in  a  very general  sense,  what  has 


the  Agency thought  about  that  term. Is  what  we 're  ta lking about  here 


so far  enough to  cover  the realm of  ecological  effects?  In  a  broader 


sense of  - - 


MR. TIETGE: Broader  than the ecological  re levancy of ,  I  

th ink,  Steve,  you might  want  to  jump in  on this .  

DR.  BRADBURY:  I  think when you 're  doing a  chemical  r isk 

assessment  and we're  s tar t ing with  some observat ions f rom the f ie ld ,  

but  cer ta inly s tar t ing from sor t  of  the  bui lding blocks of  bui lding of  a  

hypothesis ,  a  working hypothesis ,  i t ' s  sor t  of  bui lding up as  opposed 

to  top down,  bot tom up kind of  thing.  

Certa inly most  of  the  ecological  r isk  assessments  for  chemical  

s t ressors  are  across  the  Agency not  jus t  in  pest ic ides ,  working 

through what  are  the  re levant  organismal  responses  that  give you 

insights  into  populat ion or  community responses .  And I  think i t ' s  fa i r  

to  say that  we 're  a l l  a t  sor t  of  the  edge of  moving into how do you 

take a  look at  populat ion models ,  how do you s tar t  th inking about  

meta-populat ion models ,  how do you s tar t  in terfacing chemical  

effects  with  habi ta t  qual i ty  to  unders tand the re la t ive roles  of  those 

different  s t ressors  on a  populat ion or  community  s t ructure .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

89 

I  think today,  which is  probably reasonably representat ive of  

other  types  of  chemical  r isk  assessments ,  we 're  s t i l l  a t  that  in terface 

of  how does the toxicology s tar t  to  merge into  populat ion biology or  

landscape ecology. What  are  the insights  f rom populat ion biology 

information or  landscape ecology information that  give insights  into  

those organismal  responses  that  are  most  cr i t ical  for  populat ion 

viabi l i ty  and what 's  a  plausible  toxicological  mechanism to inf luence 

those endpoints .  

On the surface,  a t  least  in  this  specif ic  example,  the  discussions 

of  measures  of  effects  and r isk assessment  endpoints  are  a t  least  

qual i ta t ively associated with  reproduct ive f i tness .  But  resolut ion 

spat ia l  and temporal  in  def ining that  obviously would take increasing 

levels  of  information at  a l l  sor ts  of  levels  of  biological  organizat ion.  

DR. ROBERTS:  Dr. Coats . 

DR.  COATS: Yes,  when you 're  evaluat ing the reports ,  d id  you 

consider  the  analyt ical  methodology used for  chemistry  especial ly  in  

terms of  the  qual i ty  of  the  data  or  the  select ion of  the  methodology 

and how sensi t ive  i t  might  be or  how specif ic  i t  might  be? 

MR. TIETGE:  We were aware of the level of detect ion that was 

associated with  the assays that  were used.  We didn ' t  have any input  

on the assay that  were - -  again,  there  were no guidel ines  for  the  
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regis t rant  to  conduct  these s tudies  by. So we accepted the s tudies  a t  

face value in  terms of  what  the  level  of  detect ion was.  But  i t  was 

c lear  that  the  levels  of  var iabi l i ty  that  were associated with  the  

measurements  themselves  were high and in  many cases  - -  in  some 

cases ,  when backgrounds were subtracted from, when the assay 

background was subtracted from the t reatment  samples ,  they were 

actual ly  negat ive values  af terwards .  

In  our  opinion,  other  methods from looking at  those endpoints  

may be necessary. Rather  than relying on ELISA assays,  some other  

method may be more appropriate .  Again,  we 're  looking for  input  f rom 

the Panel  to  address  those concerns .  

DR.  ROBERTS: Any other  quest ions f rom the Panel?  

I f  not ,  I  th ink this  would be a  good t ime for  a  break.  Let 's  take 

a  break and reconvene at  10 minutes  before  the hour  when Dr.  Steeger  

wil l  present  Agency conclusions.  So le t 's  break for  15 minutes .  

[Break at  10:35 a .m.;  sess ion resumed at  10:55 a .m.] 

DR. ROBERTS:  We're s tar t ing now.  So i f folks in the 

audience,  i f  you could make your  way to  your  seats  promptly,  please.  

DR.  STEEGER: The computer  is  in  the process  of  re-boot ing.  

DR. ROBERTS:  All r ight .  We' l l awai t the computer. 

DR.  STEEGER: As I  indicated ear l ier  today,  the  cr i ter ia  for  
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doing a  ecological  r isk  character izat ion is  that  the  character izat ion 


has to  be t ransparent ,  i t  has  to  be c lear,  i t  has  to  be consis tent ,  and i t 


has to  be reasonable .  The Agency has  reviewed a  number  of  s tudies .  


And the process  that  we 've used in  making those reviews has  been 


captured by Steve Bradbury,  and i t ' s  d iscussed throughout  my


presentat ion.  And cr i t ical  in  that  process  is  the  problem formulat ion.  


And the i terat ive ser ies  of  processes  that  occur  between the r isk 


manager  and the r isk assessor.


Based on the s tudies  that  the  Environmental  Fate  and Effects  

Divis ion has  reviewed these s tudies  that  were submit ted as  of  

February 28,  i t  has  concluded that  there  are  l ines  of  evidence that  

suggest  that  the  exposure  to  a t razine may resul t  in  developmental  

effects  in  amphibians .  However,  there  were basic  inconsis tencies  and 

var iabi l i ty  in  the  s tudies  that  we reviewed that  prevent  us  from ei ther  

refut ing or  confirming those effects .  

The Agency has  recommended,  based on i ts  review,  that  a  

phased process  be undertaken to  examine specif ic  measurement  

endpoints .  And in  conduct ing this  phased process  that  Joe Tietge 

out l ined,  the  Agency would be working i ts  r isk managers  to  determine 

the level  of  uncer ta inty that  would be necessary to  resolve in  order  

for  some decis ion to  be reached.  
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One of the quest ions that was posed to Joe was what was the 

temporal  sequence in  doing the phased s tudies .  Joe indicated s tudies  

or  different  phases  could be done concurrent ly. But  the  cr i t ical  input  

comes from the r isk manager.  The r isk manager  has  to  be able  to  

def ine the level  of  uncer ta inty that  they 're  wil l ing to  accept  in  order  

to  make a  r isk  management  decis ion.  The r isk assessors  col lect  the  

information and help the r isk manager  understand how much of  the 

uncer ta inty  is  associated with  the  data  that  are  avai lable .  

We bel ieve that  the  current  s tudies  contain  suff ic ient  

uncer ta inty that  we 're  unable  to ,  as  I  sa id ,  refute  or  confirm whether  

a t razine is  indeed having effects  on amphibian development .  But  the  

bot tom l ine is ,  and throughout  my presentat ion,  I  s t ressed that ,  g iven 

the fact  that  over  several  s tudies  and environmental  condi t ions  and 

species ,  a t razine exposure  did appear  to  be having some impact  on 

gonadal  development .  

But  because of  the lack of  consis tency and the type of  effect  

e l ic i ted,  the  lack of  a  dose response,  the  inabi l i ty  of  the  current  

s tudies  to  demonstrate  a  plausible  mechanis t ic  act ion,  and our  

inabi l i ty  or  the  Agency 's  inabi l i ty  to  l ink the measurement  endpoints  

that  have been reported with  our  t radi t ional  assessment  endpoints  of  

reproduct ion,  survival ,  and growth current ly,  we 're  unable  to  make 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

93


any s ta tements  regarding the ut i l i ty  of  these data . 


As I  indicated in  my presentat ion,  though,  the  current  s tudies  

do provide beyond the l ine  of  evidence,  information on sources  of  

var iabi l i ty  and how future  s tudies  might  be designed to  bet ter  account  

for  those sources  of  var iabi l i ty  and provide re l iable  means of  

measuring the effects  of  a t razine on gonadal  development .  

Steve,  would you care  to  add anything? 

DR. BRADBURY:  I think that Tom summed i t up qui te wel l .  I 

guess  as  the  Panel  del iberates  and we have some discussions,  jus t  

emphasizing again using the Agency 's  r isk  assessment  guidel ines  as  a  

way to  organize our  thoughts  and to  think about  the  science at  hand 

and the science in  the context  of  making a  regulatory decis ion,  and 

sometimes that  creates  some different  choices  that  one makes in  terms 

of  phrasing quest ions  and ar t iculat ing and understanding what  the  

uncer ta int ies  are  associated with  different  aspects  of  the  science when 

the aspects  of  this  science are  in  the  context  of  making a  regulatory 

decis ion.  

And cer ta inly we 're  looking very forward to  your  comments  and 

input  in  terms of  helping to  def ine and unders tand the cer ta inty that  

exis ts  in  the information today and your  thoughts  on those i f  you feel  

there  are  uncer ta int ies  that  remain,  the  nature  of  those uncer ta int ies  
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in  the context  of  how we've taken a  look at  i t ,  and then some


approaches to  ref ine the knowledge base. 


The ul t imate  decis ion on how much information is  enough to  

make a  decis ion s tar ts  to  leave the realm of  science,  but  sc ience is  

important  to  inform that  process  so that  the  decis ions  that  are  made 

are  reasonable  and t ransparent  and clear  as  Tom indicated.  

So I  th ink at  that  we 'd  be happy to  turn i t  over  to  Steve and 

carry forward.  

DR. ROBERTS: Thank you.  This  concludes the Agency 's 

presentat ion.  I 'd  l ike  to  ask the Panel ,  again,  i f  you have any 

quest ions  regarding the presentat ions  this  morning before  we move on 

in  the agenda.  Yes,  Dr.  Kel ley. 

DR. KELLEY: Given that  you 've decided that  Xenopus laevis  

is  going to  be your  pr imary experimental  target  in  this ,  I  wondered to  

what  extent  you would also require  before  changing the current  

regulatory environment  that  effects  be demonstrated in  nat ive North 

American species .  Is  that  a  fa i r  quest ion? 

DR. BRADBURY:  Run that  by me one more t ime.  I  don ' t  th ink 

I  unders tand the quest ion.  

DR. KELLEY: Well ,  look,  so you decide to  use an 

experimental  animal  that 's  found in  South Afr ica .  There  are  feral  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

95


populat ions  here  in  America.  But  I  assumed that  we as  Americans and 


EPA aren ' t  too much worr ied about  the survival  of  feral  populat ions 


of  Xenopus in ,  you know, Arizona golf  courses ,  r ight ,  which is  where 


they tend to  l ive .  So suppose a  whole  scenar io  was developed around 


Xenopus and effects  of  a t razine,  to  what  extent  could we then --  to 


what  extent  could you use that  information to  apply to  our  own nat ive 


species  here  in  America. 


DR. BRADBURY:  Now I  understand your  quest ion,  sorry. I t ' s 

a  chal lenging quest ion,  and I  th ink i t  t ranscends much of  

ecotoxicology and ecological  r isk  assessment  where you may be able  

to  tes t ,  get  information on a  handful  of  species  and potent ia l ly  have to  

extrapolate  to  hundreds of  species  or  tens  of  species  a t  least  in  

different  landscape scenar ios .  

I 'd  l ike  to  back up to  the f i rs t  way you phrased your  quest ion to  

indicate  that  par t  of  the  l ines  of  evidence to  determine where we are  

and where we may need to  go,  in  fact ,  took advantage of  some f ie ld  

s tudies  as  wel l  as  some laboratory s tudies  to  develop the l ines  of  

evidence that  i t ' s  p lausible  to  formulate  a  hypothesis ,  a l though we 

may not  have the confidence r ight  now to quant i fy  the probabi l i t ies  of  

r isk based on the information at  hand.  But  the  epidemiology-type 

invest igat ions  as  wel l  as  reduct ionis t  s tudies  combined together  
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increase your  unders tanding and your  abi l i ty  to  quant i fy  what  you 


know and what  you don ' t  know and the gaps that  may remain. 


In  the context  of  s tar t ing with  a  biological  model  to  s tar t  to  get  

some clar i ty  into  the  issue a t  hand for  the  r isk  assessment  is  sor t  of  a 

fundamental  quest ion.  In  aquat ic  toxicology,  typical ly  the Agency is  

using fathead minnows and rainbow trout  and bluegi l l  as  species  to  

t ry  to  represent  what  could happen to  the thousands of  f ish species  in  

the  country. 

Now, through problem formulat ion and thinking about  which 

landscapes we 're  ta lking about ,  one s tar ts  to  narrow down the type of  

species  that  one needs to  focus on.  But  you 're  s t i l l  deal ing with  the 

fundamental  species  extrapolat ion chal lenge.  What  are  the  

toxicokinet ic  differences  between species?  What  are  the  

toxicodynamic differences  or  s imilar i t ies  across  species  to  help put  

some bounds on the potent ia l  var iabi l i ty  across  the species .  And you 

have to  blend that  wi th  some of  the  pract ical i ty  of  generat ing 

toxicological  informat ion that  provides  the  abi l i ty  to  control  some of  

the  natural  var iabi l i ty  of  the  world so that  one can tease  out  the  s ignal  

the  chemical  may be sending in  terms of  a  dose-response s tudy and t ry  

to  unders tand what  that  chemical  is  doing in  l ight  of  a l l  the  other  

var iabi l i t ies .  
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So one t rades  off  between a  biological  model  that 's  wel l  

understood.  What  do we know about  the developmental  biology of  a  

given species  or  the  reproduct ive biology of  a  given species  that  helps  

us  get  ins ights  into  the potent ia l  effects  a  chemical  may have.  And i t  

a lso then gives  us  insights  into  the issues  we should be thinking about  

in  terms of  how do we extrapolate  an effect  seen in  one species  to  

other  species .  Do these species  a lso contain  the same receptor?  How 

wel l -conserved is  the  receptor?  How wel l -conserved are  other  

biochemical  pathways in  terms of  mechanism of  act ion or  

detoxif icat ion or  act ivat ion? What  are  the  issues  in  terms of  

toxicokinet ics  uptake dis t r ibut ion?  So al l  those things sor t  of  come 

into  play. 

In  the context  of  get t ing s tar ted on this  chal lenge and our  

proposal ,  and,  again,  i t ' s  a  proposal .  I t ' s  a  plan put  before  our  

scient i f ic  peers  to  gain your  wisdom and insights  as  wel l .  In  terms of  

amphibian toxicology and in  the context  of  developmental  biology 

issues  associated with  a  ecotoxicological  r isk  assessment ,  Xenopus 

offers  one way to  get  s tar ted eff ic ient ly  to  s tar t  to  get  some clar i ty  in  

terms of  the  abi l i ty  of  a t razine to  cause a  reproducible  response in  

terms of  a  developmental  endpoint .  

I f one sees that , i t g ives some insights into aspects of species 
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extrapolat ion.  I f  that  happens,  what  would be the observed 


mechanisms of  endocrinology or  developmental  biology that  would 


have to  be present  in  other  amphibians  for  an observat ion in  Xenopus 


to  be re levant  to  other  amphibian species?  To the extent  we can 


extrapolate  or  determine a  dose,  be  i t  an aqueous dose or  a  dose inside 


the  organism,  that  gives  a  sense of  sensi t ivi ty?  What  are  the 


at t r ibutes  of  a t razine 's  physical  chemical  proper t ies  and the 


toxicokinet ic  proper t ies  that  go on,  processes  that  go on that  help us 


extrapolate . 


But our  analysis  plan doesn ' t  re ly  just  on --  a  proposed analysis  

plan doesn ' t  re ly  just  on Xenopus and then modeled into other  species .  

We are  proposing to  use a t  least  the  Northern Leopard Frog as  a  North 

American species  to  take a  look to  see i f  we get  some consis tency in  

an at razine s ignal  in  a  North American species .  

But  that 's  where sor t  of  the  juggl ing match between eff ic iencies  

and abi l i ty  to  get  on with  the quest ion at  hand.  Xenopus we can use,  

or  laborator ies  can use a l l  the  t ime.  Most  labs  would have to  wai t  for  

spr ing cycles  before  they could invest igate  this  issue in  the Northern 

Leopard Frog at  least .  So i t ' s  a  balance in  terms of  c lar i ty  of  the  

model  we 're  using,  what  you understand about  you biological  model ,  

what  you understand about  fundamental  toxicological  processes;  and 
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then sor t  of  your  abi l i ty  to  get  information eff ic ient ly  and effect ively.


And you wil l  have extrapolat ion uncer ta int ies  for  sure . 


I t  a lso doesn ' t  preclude,  as  I  indicated at  the  beginning and as  

some of  the quest ions a t  the  end of  our  las t  sess ion,  is  blending what  

you know from a control led world of  toxicology,  the  reduct ionis t  

approach to  sor t ing these things out  and how does that  get  blended in  

with  the landscape ecology or  meta-populat ion perspect ive on what  

this  a l l  means.  And I  th ink the ul t imate  sor t  of  r isk  assessment ,  and,  

again,  i t  depends on how much cer ta inty one needs to  make a  decis ion 

s tar ts  to  blend those sciences  together  to  get  the  context  of  the  

landscape as  wel l  as  the  cross-species  vulnerabi l i t ies .  

DR. ROBERTS:  Yes.  A fol low-up quest ion from Dr. Kel ley. 

DR.  KELLEY: So speaking of  spr ing,  this  is  a  quest ion for  Joe.  

What  Xenopus are  you planning to  use?  Which laevis  

subpopulat ions?  You know, in  South Afr ica  there  are  a  number  of  

different  sub-populat ions ,  not  subspecies  jus t  sub-populat ions ,  that  

have different  breeding seasons.  

MR. TIETGE: I  haven ' t  g iven much thought  to  that .  I  th ink 

there  is ,  among the laborator ies  in  the United States  anyway,  what  

would be a  s t ra in ,  I  suppose,  that  is  commonly used.  But  I  have to  - -  I  

don ' t  - -  I  haven ' t  g iven much thought  to  that .  
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If  you 're  proposing especial ly  going to  South Afr ica  to  obtain 

specif ic  s t ra ins?  

DR. KELLEY: No.  I  think I 'd  be against  that .  But  I 'm just  

going to  te l l  you that  the  groups that  we have here  in  the  States  are  

representat ive of  a  sub-populat ion of  laevis .  They were bred 

or iginal ly  f rom a sub-populat ion;  and they re ta in  to  a  degree,  

unsuspected by the unwary,  an androgenous annual  c i rcannual  rhythm, 

for  instance,  in  hormone product ion.  So you have to  know what  

populat ion you 're  deal ing with,  whether  you 're  in  their  winter  when 

they,  you know, when one populat ion wil l  breed and another  one 

won' t  or  there  summer vice  versa .  

So I  th ink i t ' s  jus t  worth bear ing in  mind where get  your  

animals  f rom. 

DR. ROBERTS: Any other  quest ions f rom the Panel?  

I f  not ,  I  would l ike to  thank Dr.  Bradbury,  Dr.  Steeger,  and Dr. 

Tietge for  your  excel lent  presentat ions  this  morning.  I  th ink you 've 

given us  a  c lear  pic ture  of  the  Agency 's  analysis  of  the  information 

that 's  avai lable ,  the  di lemma that  l ies  in  that  analysis ,  and your  

thoughts  on where to  go from here .  So your  presentat ions were very 

helpful  for  the  Panel  and your  answering our  quest ions  was very 

useful  for  our  Panel  so that  we get  a  c lear  unders tanding of  what  the  
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Agency proposes  to  do. 


I 'd  l ike  to  move on now in the agenda.  The next  i tem is  publ ic  

comments .  We've had several  people  request  substant ia l  blocks of  

t ime for  publ ic  comments .  And that  includes  the  f i rs t  publ ic  

commentor. Rather  than break up that  publ ic  comment ,  I  th ink i t  

would be best ,  my preference would be,  to  begin publ ic  comments  

af ter  lunch,  to  go to  lunch ear ly,  come back ear ly,  get  s tar ted,  and 

begin the publ ic  comments  then.  

I f  we break now for  lunch and were to  come back at  12:30,  that  

would give us  more than an hour  for  luncht ime.  But  le t  me ask our  

f i rs t  scheduled publ ic  commentor,  which is  the  Eco Risk Group,  i f  

they could be ready to  go at  12:30.  

Is  Dr.  Kendal l  here?  Not  to  put  you on the spot .  Okay. Great .  

Let 's  go ahead an adjourn now for  lunch,  reconvene promptly a t  

12:30.  We wil l  begin the publ ic  comments  then.  

A quick announcement  f rom the DFO. 

MR. LEWIS:  Just for the members of the Panel , this room wil l 

be  open during lunch.  So i f  any valuables ,  please take them with you,  

your  lap tops and other  personal  belongings.  Thank you.  See you at  

12:30.  

[Lunch recess  taken at  11:25 a .m.; 
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session resumed at  12:30 p.m.]  

DR. ROBERTS: Let 's  reconvene the meet ing.  At  this  point  in  

the agenda,  the  Panel  would l ike  to  l is ten to  publ ic  comments  on these 

issues .  And we have several  individuals  or  groups that  have 

requested the opportuni ty  to  address  the  Panel  and present  

informat ion.  

Before  we begin the publ ic  comments ,  I  would l ike  to  remind 

the publ ic  commentors  that  the  issues  that  we are  focused on here  are  

scient i f ic  issues .  They rela te  to  a  very specif ic  set  of  data  and 

problems and issues  that  are  of  a  scient i f ic  nature .  There  are ,  of  

course ,  broader  issues  of  pol icy and so for th .  But  those are  real ly  

outs ide the del iberat ions  of  this  Panel .  So I  would l ike  to  request  

f rom al l  of  the  publ ic  commentors  that ,  when they address  the Panel ,  

they real ly  confine their  comments  to  the  scient i f ic  issues .  

There  are  some legi t imate  pol icy issues  and points  to  be made,  

but  this  is  real ly  not  the  venue to  make those.  There  are  other  

avenues to  get  that  information,  those viewpoints ,  to  the EPA. So i f  

you could in  fact  confine your  comments  to  the scient i f ic  issues  that  

the  Panel  is  t rying to  wrest le  with ,  that  would be very helpful  for  us .  

With that  being said ,  I  would l ike  to  say that  the  Panel  

welcomes publ ic  comments  and different  viewpoints  and opinions 
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regarding the scient i f ic  issues  that  we face.  This  is  very helpful  to  us 


and we look forward to  hear ing from you. 


The f i rs t  group that  has  requested the opportuni ty  to  address  the  

Panel  is  Eco Risk.  And they are  represented by Dr.  Ron Kendal l .  

Welcome,  Dr.  Kendal l .  

DR.  KENDALL: Thank you very much,  Dr.  Roberts .  Firs t  of  

a l l ,  I  wanted to  say thank you for  the  opportuni ty  for  our  team to 

address  the Panel  today and we look forward to  providing to  the 

dis t inguished members  of  the SAP and you,  Mr.  Chairman,  some 

perspect ives  we developed over  a  number  of  years  now on the 

response of  amphibians  to  a t razine.  

We're here as an eco r isk panel , but we real ly are univers i ty 

scient is ts ,  facul ty  members  a t  univers i t ies  across  the  nat ion and 

internat ional ly. I 'm going to  int roduce my col leagues in  jus t  a  

minute .  

The Eco Risk organizat ion has  led a  faci l i ta t ive  effor t  to  br ing 

mult iple  univers i t ies  together  and mult iple  members  under  an 

opportuni ty  to  coordinate ,  focus effor ts ,  and to  move forward in  what  

we have fe l t  was a  very exci t ing opportuni ty  to  engage these 

cut t ing-edge scient i f ic  quest ions .  

The sponsor  has  been Syngenta ,  the  regis t rant  in  the case of  
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atrazine.  We have appreciated their  support  and their  wi l l ingness  for 


the  Eco Risk panel  to  move forward in  a  open,  for thr ight  way and to 


communicate  our  science to  the  open l i terature  as  wel l  as  here  a t  the 


SAP.  So we appreciate  that  support . 


In  terms of  the  this  af ternoon,  we appreciate  the  pat ience of  the  

SAP in giving us  the t ime to  address  you,  we 've been engaged in  this  

process  for  a  number  of  years  now. And we've developed a  core  

presentat ion which is  before  you.  And i t  summarizes  our  effor ts  and 

t r ies  to  give you some perspect ive on our  opinions on the subject .  

And,  of  course,  we welcome your  opinions as  wel l .  

Feel  f ree  to  ask quest ions  a t  any t ime.  But  we wil l  go through 

the core  presentat ion which wil l  provide you a  summary process  as  to  

what  we 've been through.  And then with my col leagues,  each one of  

them wil l  spend a  few minutes  summarizing some of  the  highl ights  

going on in  their  laborator ies  with  their  graduate  s tudents  and 

post-docs and so on.  So the SAP wil l  have a  chance to  discuss  with  

each facul ty  member,  sc ient is t ,  a t  the  table  what  has  been their  

contr ibut ion to  some of  the current ,  emerging knowledge that  we have 

on this  par t icular  subject .  

To  my r ight  as  we would proceed,  Dr.  Glen Van Der  Kraak wil l  

g ive the core  presentat ion.  So I 'd  l ike  to  proceed,  Glen,  to  introduce 
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you so i f  we can go to  the next .  

The panel  members  represent  a  var ie ty  of  expert ise  f rom across  

the nat ion.  We've drawn as  wel l  on consul tants .  But  as  I  would go 

around to  my r ight ,  Dr.  Glen Van Der  Kraak is  professor  and chairman 

of  zoology at  the  Univers i ty  of  Guelph and the co-edi tor  of  the  

document  that 's  recent ly  been publ ished cal led "Global  Assessment  of  

the  State  of  the  Science of  Endocrine Disruptors ,"  funded through 

WHO. So we've asked Glen to  provide the presentat ion and the core  

presentat ion at  least .  

Next  to  my r ight  is  Dr.  John Giesy from Michigan State  

Univers i ty. Dr.  Giesy is  the  univers i ty  dis t inguished professor  with  

var ious appointments  there  and wel l -known in  the f ie ld  of  

environmental  toxicology. 

Dr. J im Carr is in biological sc iences a t Texas Tech Univers i ty. 

He has  publ ished on the subject  of  a t razine and amphibians  and has  

contr ibuted heavi ly  to  our  process .  

Dr.  Ernest  Smith is  engaged with the Inst i tute  of  Environmental  

& Human Heal th  a t  Texas Tech Univers i ty. He is  a  reproduct ive 

biologis t  and has  engaged our  subject  area  in  environmental  

toxicology of  a t razine f rom the reproduct ive endpoint  perspect ive.  

Dr.  Louis  Du Preez is  f rom Potchefs t room Univers i ty  in  South 
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Africa,  a  member  of  the School  of  Environmental  Sciences  and is  an 


expert  on Xenopus in  their  nat ive habi ta t .  And we have been engaged 


in  f ie ld  s tudies  in  South Afr ica .  Dr.  Du Preez wil l  report  on the 


resul ts  of  that  work that  has  engaged the panel  direct ive in  working 


with him.


And then Dr. Tim Gross from the Univers i ty of Flor ida, the 

Caribbean Science Research Center,  and is  heavi ly  involved in  

amphibian ecotoxicological  work in  Flor ida on mult iple  species  and 

has  reported for  the  panel  var ious projects  over  the  years  involving 

not  only amphibians  but  f ish and rept i les .  

And Dr.  Kei th  Solomon,  las t  but  not  least ,  professor  a t  the  

Univers i ty  of  Guelph,  wel l -known in f ie ld  of  environmental  

toxicology and r isk analysis .  And this  is  our  team. 

We've a lso had others that we have par t ic ipated with over the 

years .  Dr.  Tyrone Hayes,  Univers i ty  of  Cal i fornia  Berkeley, 

par t ic ipated with  the  panel  the  f i rs t  three  years .  Resigned in  

November  of  2000 to  pursue his  own research.  Dr.  Bob Si lken from 

Si lken & Associates  has  served as  a  consul tant  to  us  and we have 

valued his  contr ibut ion as  we have engaged the s ta t is t ical  

interpretat ion of  a  lot  of  these quest ions ,  both f rom a f ie ld  s tandpoint  

as  wel l  as  a  laboratory s tandpoint .  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

107 

Again,  I  want  to  emphasize that  the  purpose of  this  scient i f ic  

panel  here  is  that  we work together. We have moved forward in  a  way 

in  which we design projects  together. We don ' t  send an individual  

facul ty  member  out  with  some graduate  s tudents  and they go do the 

work.  We design work in  consul ta t ion.  We  meet  regular ly. We have 

conference cal ls .  We get  together. 

And we've designed through our  s tandard operat ing procedures .  

Which I  might  add,  for  most  of  our  projects  they may not  be tota l ly  

GLP,  but  they 're  c lose to  i t .  Par t icular ly  for  emerging science as  we 

are  doing,  no val idated protocols  are  in  place,  i t ' s  k ind of  tough to  put  

a  GLP study together. But  with  the encouragement  with  our  sponsor  

and the Eco Risk organizat ion,  and Ms.  Kather ine Vins  that  heads up 

the Eco Risk QA uni t ,  we 've been able  to  move in  that  direct ion.  So 

al l  of  our  procedures  do have s tandard operat ing procedures .  These 

can be checked.  All  the  data  that  we 've developed to  date  has  been 

turned into  the Agency for  ful l  and complete  scrut iny. 

So never the less , we have worked as a team to combine our 

effor ts  to  focus on research as  we envis ion i t  to  be needed;  and we 

have designed and implemented these projects  with  ful l  opportuni ty  to  

f reely pursue,  publ ish,  discuss ,  and engage our  graduate  s tudents  as  

necessary. 
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So from  my scient i f ic  perspect ive,  i t ' s  been a  great  opportuni ty. 

And I  think every one of  our  panel  members ,  whether  they be from 

North America or  not ,  would agree with me. 

So we would f i rs t  l ike  to  proceed,  Mr.  Chairman,  with  the 

presentat ion of  our  core  presentat ion.  I t  might  be best  to  le t  Dr.  Van 

Der  Kraak at  least  get  through the core  presentat ion before  quest ions  

because he 's  worked very hard with  our  team to put  a l l  th is  together. 

And then le t 's  have a  quest ion and answer  per iod.  I 'm sure ,  based on 

the quest ions  this  morning,  there  wil l  be  lots  of  quest ions  f rom this  

panel .  Then we wil l  proceed to  the individual  invest igators  i f  that  

wi l l  meet  your  wishes .  

DR.  ROBERTS: Great .  That 's  f ine.  Let 's  go ahead and proceed 

with the core  presentat ion from Dr.  Van Der  Kraak.  

DR. KENDALL: Thank you.  Dr.  Van Der  Kraak.  

DR. VAN DER KRAAK: Thank you.  Before I  get  into the meat  

of  the  presentat ion,  thank you very much for  the  opportuni ty  to  speak 

on behalf  of  the  panel  to  this  issue.  

In  terms of  chronology,  this  tends to  set  out  some of  the 

act ivi t ies  associated with the panel .  In  1996,  EDSTAC was formed.  

The atrazine endocrine panel  began i ts  work.  And in  '97 was the f i rs t  

report  that  came through the panel .  '98 the s tudies  began in  earnest  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

109


on f ish,  rept i les ,  and frogs.  And in  2001,  the panel  began fur ther 


s tudies  using Xenopus as  a  model  both in  the laboratory and in  the 


f ie ld. 


Associated with  this ,  there  were other  act ivi t ies  going on with  

the United States  Environmental  Protect ion Agency,  formation of  the  

Endocrine Disruptor  Methods Val idat ion Subcommit tee ,  to  t ry  to  

br ing together  some s tandardized tes t ing protocols  for  looking at  

endocrine-act ive substances  across  the  spectrum of  animals  f rom 

humans through to  inver tebrates .  

Our  work occurred during a  per iod of  t ime when,  as  Ron had 

ment ioned,  there  were no s tandard protocols  that  were avai lable .  We 

then shif ted our  focus in  2002 to  begin some very detai led 

mechanis t ic  and f ie ld  s tudies  in  North America a long with act ivi ty  

that  was going on in  South Afr ica .  

We produced the second panel  report  that  was avai lable  to  the  

United States  Environmental  Protect ion Agency. We fol lowed up 

with  a  thi rd  panel  report  in  2003.  And this  is  a l l  again occurr ing in  

the backdrop of  the next  generat ion of  EDSTAC who is  t rying Tier  2  

endocrine dis t ruptor  tes ts  that  we hope we wil l  contr ibute  a t  least  in  

some small  way to  providing some of  these val idated methods that  

wi l l  be  appl icable  for  s tudies  with  amphibians .  
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In terms of  the  panel  act ivi t ies ,  the  panel  act ivi t ies  were to  

es tabl ish and direct  research programs in  mult iple  laborator ies  to  tes t  

hypotheses  and to  unders tand mechanisms. And I ' l l  go into  that  in  a  

l i t t le  bi t  more detai l .  In  terms of  the  act ivi ty  that  we do,  we review 

science,  we integrate  and evaluate  data  f rom other  laborator ies ,  and 

design our  own s tudies .  And this  is  faci l i ta ted in  par t  through the 

preparat ion of  reports  as  I  ment ioned were made avai lable  to  the U.S.  

Environmental  Protect ion Agency. 

The overal l  object ive of  our  program is  to  assess  the  effects  of  

environmental ly  re levant  levels  of  a t razine on amphibians .  We have a  

mult i -pronged approach that  you can put  under  two broad umbrel las .  

One being s tudies  involving what  we might  cal l  f ie ld  s tudies .  The 

other  in  laboratory s tudies .  And as  l is ted there ,  these s tudies  

encompass  a  number  of  different  species  some of  which are  nat ive to  

North America and are  environmental ly  re levant  in  our  environment;  

others  are  laboratory surrogates  l ike  Xenopus,  but  we 've gone and 

done the unique thing of  s tudying this  in  i ts  nat ive habi ta t .  

We also s tudy some introduced species ,  in  this  case  the cane 

toad in  Southern Flor ida,  because i t ' s  found in  areas  where there  is  

over lap with  potent ia l  exposures  to  the  chemical  in  quest ion.  

This is jus t a br ief summary of some of the reports that have 
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been prepared by the panel .  And as  you can see,  our  focus s tar ted 


with a  r isk-based assessment  of  the  endocrine system,  moved into a 


more global  evaluat ion of  the  endocrine system in non-mammalian 


vertebrates ,  and then specif ical ly  now has focused some of  our 


at tent ion looking at  the  quest ions  associated with  amphibians . 


I f  you look at  what  were some of  the highl ights  of  these reports ,  

these focused ini t ia l ly  on some of  the  t radi t ional  endpoints  associated 

with  the ecotoxicological  potent ia l ,  the  ecotoxicological  effects  that  

could be potent ia l ly  mediated by at razine.  We looked at  and 

ident i f ied that  endocrine and reproduct ive effects  had not  been 

specif ical ly  addressed.  Where they had been s tudied,  they had been 

looked at  in  microcosm and in  ful l  l i fe-cycle  tes ts  and these tended to  

focus on responses  in  f ish.  

In  terms of  reproduct ive and endocrine effects ,  tes t  guidel ines  

were s t i l l  under  development .  We needed to  ref ine and opt imize 

assays,  and we needed to  es tabl ish a  f ramework for  assessing these 

responses  given that  s tandardized protocols  were not  avai lable .  

So by way of  int roduct ion,  I ' l l  get  in to  the meat  of  the  core  

presentat ion.  And the core  presentat ion has  an overarching quest ion 

of  t rying to  unders tand the ecological  effects  of  a t razine on 

amphibians .  In  order  that  we could accomplish that  goal  of  increasing 
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our  understanding,  we needed to  have an approach to  ident i fy  

causal i ty. And par t  of  that  came through the development  and 

implementat ion of  the  weight  of  evidence approach to  the quest ion.  

The other  par t  was that  we wanted to  embrace the scient i f ic  

method.  And so we developed and tes ted a  sui te  of  different  

hypotheses  that  were based at  di fferent  levels  of  biological  

complexi ty. Some of  these were associated with  effects  on the 

endocrine system through modulat ion of  var ious endocrine endpoints .  

We quickly moved to  t ry  to  look at  very specif ic  act ivi t ies  a t  the  

t issue level  and looked at  t i ssue toxici ty  through s tudies  on the 

effects  on the gonad and the larynx.  And then we also at tempted in  a  

general  sense,  and I  wi l l  come to  back to  this  in  a  few minutes ,  of  

t rying to  get  to  the tough quest ion of  what  might  be some of  the 

populat ion level  impacts .  

So while  this  approach may look l ike we 're  going from the,  I  

guess  you could say,  bot tom up or  the top down depending on where 

you put  these,  we were t rying to  look at  di fferent  scales  of  biological  

complexi ty. 

In  terms of  the  f i rs t  quest ion that  came to  the panel  was how do 

we evaluate  causal i ty. And we could cer ta inly go back into  the 

l i terature  and we could ident i fy  that  this  quest ion has  been around 
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s ince the 1800s.  There  have been a  very s t rong focus on this  f rom  a 

human heal th  epidemiological  perspect ive.  But  there  have been very 

s ignif icant  developments  that  have been made over  t ime in  terms of  

looking at  th is  f rom an eco perspect ive and looking at  i t  in  the  real  

world with  wildl i fe  species .  

Some of  the pivotal  work by Glen Fox publ ished in  1991.  Other  

work by Gary Ankley who involved some of  the members  of  our  panel .  

But  i t ' s  important  to  note  that  Gary Ankley was,  in  fact ,  one of  the  

reviewers  of  the  White  Paper  that  is  before  the SAP today. 

Now, as  Dr.  Kendal l  ment ioned a  few minutes  ago,  I  was very 

for tunate  to  be involved for  a  per iod of  about  three years  in  work 

sponsored by the Internat ional  Programme on Chemical  Safety that  

ended up with the publ icat ion of  a  book that  was the Global  

Assessment  of  the State  of  the Science Associated with  Endocrine 

Disruptors .  

Why do I  br ing this  up here? Because the causal  cr i ter ia  that  

was developed through this  document  is  the  very cr i ter ia  that  we have 

t r ied to  use  in  t rying to  evaluate  the  potent ia l  effects  of  a t razine on 

amphibian populat ions .  

Now, I put this up as i f i t ' s my own work.  In fact , i t ' s not my 

own work.  I  was a  member  of  a  very s t rong team of  people  that  
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included representat ives  f rom over  32 --  there  was 32 different 


in ternat ional  exper ts  that  were associated with  the construct ion of 


th is  document .  Some of  those members  are  in  fact  members  of  the 


Eco Risk at razine panel .  Others  are  members  of  the U.S. 


Environmental  Protect ion Agency. But  I  th ink the key point  that  I 


wish to  make here  is  that  th is  was a  world-wide perspect ive on t rying 


to  develop a  cr i ter ia  document  for  evaluat ing the potent ia l  effects  of 


endocrine disrupt ing chemicals . 


This  s l ide  ta lks  to  the  fact  that  there  are  a  number  of  

mechanisms in  which chemicals  could be having effects  on 

development  and endocrine processes  in  amphibians  or  in  other  

ver tebrates  for  that  mat ter.  There  were direct  effects  where 

compounds could act  as  hormone mimics  or  antagonis ts .  Indirect  

effects  associated with  changes in  the  hormone t i ter,  effects  direct ly  

on t issue development  such as  effects  on gonadal  development .  

And when you look back at  where we were as  a  panel  about  

three years  ago,  we were lef t  wi th  the s tar t ing point  that  there  was 

very l i t t le  in  the  way of  responses  that  were evident  in  amphibians .  

The one response that  was before  us  was a  potent ia l  effect  of  

laryngeal  development  in  amphibians  associated with  exposure  to  

a t razine.  And there  were discussion at  the  t ime that  th is  possible  
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mechanism  may involve interference with  the androgen and est rogen 

t i ter,  and i t  was the focus of  some specif ic  hypothesis  tes t ing that  we 

could develop that  was focused not  only on just  androgen est rogen 

t i ters  but  responses  associated with  changes in  aromatase act ivi ty. 

As a  panel ,  we developed a  main hypothesis .  And the main 

hypothesis  is  probably a  l i t t le  longer  than what 's  wri t ten there .  But  

what  we were interested in  was the quest ion of  whether  exposures  to  

environmental ly  re levant  concentrat ions  of  a t razine caused adverse  

effects  on endocrine funct ion in  amphibians.  And by endocrine 

funct ion,  we mean that  in  the broadest  sense - -  changes in  endocrine 

funct ion,  growth,  reproduct ion,  and development  - -  a l l  components  

that  are  under  the  control  of  the  endocrine system. 

This  enabled us  to  develop a  ser ies  of  sub hypotheses  that  I 'm 

going to  go through in  some degree of  detai l  in  the  next  ser ies  of  

s l ides .  But  we 're  going to  look at  whether  these effects  could be 

mediated through est rogen-dependent  mechanisms, 

androgen-dependent  mechanisms,  effect  on the thyroid systems,  direct  

effects  on the gonad,  and then the potent ia l  that  there  may be affects  

on the populat ion level  in  exposed amphibians .  

Now, I  put  this  s l ide  up to  t ry  to  remind everyone that  the  

endocrine system in amphibians  is  designed in  the same  manner  and 
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the same  fashion as  i t  i s  in  a l l  o ther  ver tebrates .  There  is  a  

hypothalamic pi tui tary target  organ regulat ion of  

endocrine-dependent  processes .  And this  s l ide  helps  to  i l lus t ra te  

some of  the potent ia l  targets  for  which there  may be effects  that  we 

could develop hypotheses  around.  

One of  the  ini t ia l  hypothesis  that  we were interested in  was 

whether  or  not  there  were effects  on the t i ter  es t rogens and effects  

mediated through changes in  aromatase act ivi ty. We were very 

interested in  whether  there  were effects  on androgen levels  and 

effects  mediated through the androgen receptor.  We were,  of  course ,  

in terested in  whether  there  were effects  on the thyroid system because 

of  their  important  developmental  role  in  amphibians .  

We were a lso interested, of course , on some of the apical 

endpoints  and whether  there  were responses  associated with  

secondary sex character is t ics ,  laryngeal  growth,  gonadal  growth as  an 

example.  And then we ' l l  t ry  to  t ransla te  this  to  higher  levels  of  

biological  complexi ty  by looking ul t imately  a t  populat ion- level  

responses .  

So i f  we go into the hypotheses  that  we 've considered,  the  f i rs t  

hypothesis  we considered was whether  a t razine caused adverse  effects  

in  amphibians  through est rogenic  or  ant i -es t rogen-mediated 
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mechanisms. 

Now the next  s l ide  i l lus t ra tes  a  number  of  the  endpoints  that  we 

considered in  doing these analyses .  And for  each of  the hypotheses ,  

I 'm going to  have a  s imilar  format .  And in  this  case ,  the  kinds of  

endpoints  that  we considered were binding to  the es t rogen receptor  

changes in  the amount  of  c i rculat ing es t rogens,  induct ions of  

aromatase,  and whether  or  not  the  responses  that  were induced in  

s tudies ,  both in  the lab and in  the f ie ld ,  could be correla ted with  the 

responses  that  we saw to es t rogen exposure.  

I  won' t  go through al l  of  the  detai ls  of  these responses  or  the  

conclusions to  the s tudies  as  these are  going to  be the focus of  the  

remaining s l ides .  But  to  cut  to  the  chase,  the  conclusion for  this  

sect ion was that  i t ' s  h ighly unl ikely that  a t razine could be exer t ing 

effects  through mechanisms that  are  involved with  es t rogen.  

An obvious quest ion being does  a t razine exer t  i t s  effects  

through binding to  the es t rogen receptor.  To our  knowledge,  this  is  

not  been expl ic i t ly  tes ted in  amphibians;  but  there  is  an extensive 

l i terature  avai lable  that  suggests  that  a t razine does  not  bind with  any 

s ignif icant  aff ini ty  to  the  mammalian es t rogen receptor.  Given the 

high degree of  homology between these receptors  across  c lasses ,  we 

don ' t  expect  that  this  is  an issue we need be concerned about .  
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In terms of  changes associated with  a t razine and affect ing 

plasma est rogen t i ter,  some of  the  ini t ia l  s tudies  looked at  both 

Xenopus and the green frog exposed throughout  development  in  lab 

condi t ions ,  and there  were no effects .  Similar ly,  we saw no effects  on 

Xenopus laevis  adul ts  exposed in  the laboratory for  per iods of  up to  

47 days.  There  were some indicat ions f rom f ie ld  s tudies  that  there  

was a  negat ive correla t ion between est rogen t i ters  and t r iazines  under  

f ie ld  condi t ions .  And in  other  s tudies  looking at  the  cane toad,  adul ts  

exposed to  a t razine under  f ie ld  condi t ions ,  again,  we saw no 

s ignif icant  effects .  

Just  to  give you an example of  the kinds of  data  that  we saw in 

these types  of  experiments ,  th is  is  the  resul t  of  an experiment  that  was 

conducted by a  post-doc in  John Giesy 's  lab a t  Michigan State  

Univers i ty. And Dr.  Hecker  showed that  exposure to  a t razine caused 

no specif ic  concentrat ion-rela ted response.  Of  the var ious doses  that  

were tes ted,  only one dose caused a  reduct ion in  es t radiol  

concentrat ion in  the  plasma. 

And this  f inding,  coupled with the other  responses  that  we had 

fa i led to  show a response in  terms in  changes in  es t radiol  t i ter, 

suggested to  us  that  th is  was not  a  par t icular ly  robust  response and 

cer ta inly  one that  was diff icul t  to  envisage from a mechanis t ic  
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s tandpoint .  

In  this  s l ide  here  on the lef t -hand s ide we s low the kinds of  

responses  that  you see when you expose animals  to  es t radiol  in  the  

water.  And not  surpr is ingly,  i f  you put  es t radiol  in  the water,  the  

amounts  of  es t rogen in  the blood go up.  So that 's  very much what  one 

would expect .  

Now we took these s tudies  and we conducted some of  these 

actual ly  in  the  f ie ld  s i tuat ion in  South Afr ica .  The t r iangle  on this  

s l ide  i l lus t ra tes  the  main corn-growing area of  South Afr ica .  The red 

dot  here  indicates  the  s tudy s i te ,  and that  is  in  the  vicini ty  of  

Potchefs t room where Dr.  Louis  Du Preez,  a  member of  our  team, is  a  

facul ty  member. 

This is not Kansas .  This is South Afr ica .  And this is a pic ture 

of  a  corn f ie ld  in  the corn-growing area.  And i f  you look at  the  nature  

of  the  soi l  type in  the  area,  th is  soi l  type is  par t icular ly  sandy. As a  

resul t  of  that ,  there  is  the  rapid movement  of  any chemical  that 's  put  

on f ie lds  in  this  area .  And this  ra ises  the  potent ia l  may wel l  get  in to  

receiving environment  into  ponds that  would be the l ikely home of  

nat ive amphibians  in  South Afr ica .  

And what  we were able  to  do was ini t ia te  a  ser ies  of  s tudies  in  

which we looked specif ical ly  a t  amphibian populat ions  l iving in  these 
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ponds.  These are  two of  the  experimental  s i tes  in  the corn-growing 


area E1 and E8.  And this  green here  represents  corn f ie lds  that  grow 


essent ia l ly  r ight  up to  the edge of  the  farm ponds. 


When we've done these s tudies  and we've gone out  and 

measured ci rculat ing levels  of  hormones,  in  this  case  these are  

es t radiol  levels  in  males  and females .  And in  this  case,  we found a  

s ignif icant  reduct ion in  c i rculat ing es t radiol  levels  in  corn-growing 

areas  in  both the male  and the females .  

I 'd  l ike  to  leave you,  though,  with  a  couple  of  points  associated 

with  this  s l ide .  The f i rs t  s l ide  or  the  f i rs t  thought  is :  Is  that  i f  indeed 

this  response of  a t razine was associated with  an induct ion of  

aromatase act ivi ty,  th is  would be contrary to  what  one might  predict .  

The second issue is ,  i s  that  in  sampling populat ions  of  f rogs in  this  

area ,  you have frogs a t  var ious s tages  of  sexual  matur i ty. And i t ' s 

qui te  c lear  that  i f  you look at  the  range and the var iance of  the  data ,  

there  is  considerable  over lap and cer ta inly  i t ' s  very diff icul t  to  

par t i t ion out  responses  that  one might  immediately  a t t r ibute  to  

exposure  to  a t razine.  

Now, a  considerable  amount  of  a t tent ion has  been paid to  the 

quest ion of  whether  or  not  a t razine has  effects  on es t rogen t i ter  

through induct ion of  aromatase act ivi ty. The f i rs t  d iscussion of  this  
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point  came in  a  publ icat ion by Hayes where he hypothesized that 


atrazine would be induced in  f rogs exposed to  a t razine.  In  this 


s i tuat ion,  there  was no data  that  was provided.  But  in  subsequent 


s tudies  conducted by the panel ,  we found no effect  on at razine 


act ivi ty  levels  in  Xenopus exposed through development  in  the 


laboratory,  both in  juveni les  and in  adul ts .  And in  f ie ld  s tudies ,  we 


showed no correla t ion with  t r iazine levels  in  adul ts  that  were 


col lected again under  f ie ld  condi t ions . 


This  i l lus t ra tes  some of  the  data  that  has  been associated with  

our  evaluat ion of  aromatase act ivi ty  in  the gonad of  Xenopus.  I f  you 

look in  the f i rs t  ins tance on the r ight-hand s ide of  the  panel  here ,  we 

see a  marked sexual  dimorphism in the tota l  amounts  of  aromatase 

act ivi ty  in  the gonad.  That 's  not  unexpected.  But  we see no 

concentrat ion-dependent  effect  of  a t razine on aromatase act ivi ty  

levels .  

The contrast  to  this ,  i f  you look at  the  data  on the lef t -hand s ide 

of  the  panel ,  i f  we expose the animals  to  es t radiol ,  a t  least  in  the  

females ,  we induce a  s ignif icant  reduct ion in  ovar ian aromatase 

act ivi ty  in  the  females .  

Again,  back to  the  or iginal  hypothesis  is  a t razine act ing l ike  an 

es t rogen.  In  this  case ,  we 're  seeing no evidence that  a t razine is  
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having that  type of  a  response. 


We also t r ied to  compare the effects  of  a t razine to  those 

associated with  es t radiol .  Now the f i rs t  of  the  points  that  we have up 

there  was the summary of  some work that  was done a  number  of  years  

ago by Dr.  Tyrone Hayes and his  associate ,  looking at  the  possibi l i ty  

that  a t razine would affect  sexual ly  dimorphic  characters ,  that  would 

be colorat ion in  a  frog species  cal led Hyperol ius .  And in  this  case ,  

i t ' s  my understanding that  they found no response.  As wel l  as  I  

ment ioned the ear l ier  s l ide ,  a t razine a lso did not  mimic the effects  of  

es t radiol  on sex ra t io  in  Xenopus.  

So I guess the quest ion is where are we in terms of this overal l 

hypothesis  and using this  weight  of  evidence cr i ter ia .  In  terms of  

temporal i ty,  we have l i t t le  indicat ion of  data  that  we can apply in  that  

context .  But  when we look in  terms of  the other  key components  of  

the  weight  of  hypothesis  tes t ing framework in  terms of  s t rength of  

associat ion,  consis tency,  or  biological  plausibi l i ty,  there 's  l i t t le  

evidence to  support  that  type of  a  mechanism.  And we're  lef t  wi th  the 

overal l  summary that  there 's  l i t t le  evidence to  support  the  concept  

that  a t razine has  affects  in  amphibians  through ei ther  es t rogenic  or  

ant i -es t rogen mediated processes .  

The second hypothesis  that  we considered,  and this  was one that  
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was brought  up in  quest ion ear l ier  today to  the Science Advisory 


Panel  to  the U.S.  EPA, was whether  or  not  a t razine may be exer t ing 


i t ' s  effects  in  amphibians  through androgenic  receptors  through act ing 


as  e i ther  an androgen agonis t  or  an androgen antagonis t . 


So we've considered this  by both empir ical  s tudies  and by 

looking at  the  l i terature .  And we looked at  a  var ie ty  of  endpoints  

including binding to  the androgen receptor,  changes in  androgen 

receptor  type,  androgen t i ter,  comparing the responses  to  DHT, and 

looking at  whether  or  not  a t razine mimics  the effects  of  androgens on 

androgen-dependent  processes .  

So to summarize some of these data , in terms of does a t razine 

bind to  the androgen receptor,  to  our  knowledge this  is  not  been tes ted 

in  amphibians .  But  i f  we look at  the  extensive l i terature  that 's 

avai lable  for  mammals ,  there  is  l i t t le  evidence to  suggest  that  a t razine 

binds to  the  mammalian androgen receptor. 

In  terms of  androgen-dependent  gene act ivat ion,  this  has  not  

been specif ical ly  tes ted in  amphibians .  But  again,  the  resul ts  are  

negat ive in  mammals .  And given the homology of  receptors  across  

those species ,  we don ' t  ant ic ipate  that  there  is  an issue here  that  we 

have to  be concerned with  in  the  immediate  term. 

In  terms of  effects  of  plasma androgen t i ters ,  in  terms of  
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looking at  laboratory s tudies ,  we see very different  types  of  

responses .  In  work that  has  been conducted by the panel ,  there  were 

no effects  in  Xenopus or  in  the green frog exposed during 

development  in  the laboratory.  We also saw no effects  in  adul ts  

fol lowing exposure  in  the  laboratory to  a t razine.  This  is  in  contras t  

with  a  s tudy that  was produced and publ ished by Dr.  Tyrone Hayes,  in  

which he showed a  s ignif icant  reduct ion in  plasma tes tosterone levels  

in  adul ts  Xenopus laevis .  

We've also looked at  this  under  f ie ld  condi t ions .  And here  we 

see a  var ie ty  of  different  types  of  responses  that  are  not  consis tent .  

In  terms of  s tudies  with  the cane toad,  we saw no effects  of  plasma 

androgen levels  fol lowing col lect ion in  reference and 

atrazine-exposed locat ions .  In  terms of  s tudies  that  were conducted 

in  South Afr ica ,  there  was a  correla t ion with  lower  T levels  

associated with the exposure to  one of  the metabol i tes ,  DACT, but  not  

to  a t razine or  t rebuthylazine under  f ie ld  condi t ions .  And in  the 

female ,  we did see a  negat ive correla t ion between concentrat ions  of  

a t razine,  t rebuthylazine,  and their  metabol i tes .  

To i l lus t ra te  some of  these data ,  these are  the  responses  that  

were observed in  Xenopus laevis  col lected in  South Afr ica  f rom both 

reference and corn-growing locat ions  in  males .  We did not  see  a  
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s ignif icant  change in  the median androgen t i ters  in  the  blood.  In  

contras t ,  we did see a  s ignif icant  reduct ion in  females .  But ,  again,  

the  levels  of  androgens in  the plasma of  these f rogs are  highly 

var iable  and i t  makes interpreta t ion of  these data  somewhat  diff icul t .  

Now, there  was an ini t ia l  report  that  suggested that  one of  the  

androgen-dependent  processes  that  occurs  in  f rogs,  that  being the s ize  

of  the  laryngeal  di la tor  muscle ,  may wel l  be  affected by at razine.  

And this  was a  s tudy that  was produced Dr.  Tyrone Hayes.  And he 

reported a  decrease in  laryngeal  di la tor  muscle  using cross-sect ional  

area  as  the  indicator. 

In  three other  s tudies  involving Xenopus,  members  of  the  panel  

have fa i led to  show an effect  of  a t razine on laryngeal  di la tor  muscle  

s ize .  And i f  we tes t  the  or iginal  hypothesis  that  a t razine may wel l  be  

funct ioning as  an androgen-receptor  agonis t ,  we would ant ic ipate  that  

a t razine would mimic the effects  of  DHT. And,  in  fact ,  in  our  s tudies ,  

we have consis tent ly  fa i led to  show that  a t razine mimics  the effects  of  

DHT on the s ize  of  the  laryngeal  di la tor  muscle .  

Now, here I have redrawn some work that came from Dr. Tyrone 

Hayes.  And he reported in  the Proceedings of  the Nat ional  Academy 

of  Science a  response in  males  such that  exposure to  concentrat ions  of  

a t razine a t  the  highest  doses  caused a  s ignif icant  depression of  the  
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s ize  of  the  laryngeal  muscle  in  terms of  cross-sect ional  area .  

Interest ingly,  he  showed a  s imilar  kind of  t rend,  a l though not  a  

s ta t is t ical ly  s ignif icant  response in  females .  And this  was an 

interest ing observat ion and one which the panel  was very interested in  

t rying to  see whether  i t  would hold up under  other  s tudies .  But  this  

reduct ion is  not  synonymous in  our  minds with an effect  that  would 

l ikely be mediated by an induct ion of  aromatase.  

In  the kinds of  s tudies  that  we 've conducted as  a  panel ,  these 

are  some work from Jim Carr,  publ ished in  2003 in  Environmental  

Toxicology and Chemistry,  we see in  the course  of  our  s tudy at  Stage 

66 that  the  sexual  dimorphic  response is  qui te  evident ,  suggest ing that  

they are  responding to  androgenous hormones.  But  we see no 

dose-rela ted affects  of  a t razine in  males  or  in  females .  By 

comparison,  i f  we do t reat  these animals  with  DHT, we see the 

ant ic ipated and expected r ise  in  the  s ize  of  the  laryngeal  di la tor  

muscle . 

In  other  s tudies  conducted at  Michigan State  Univers i ty  looking 

at  th is  endpoint  in  terms of  responses  looking at  a t razine,  we saw no 

s ignif icant  differences  associated with  the s ize  of  the  laryngeal  

muscle  in  males  or  in  females .  But  once again,  the  posi t ive  control  of  

DHT had a  c lear  s t imulatory effect  on the s ize  of  the  muscle .  
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When we looked at  Xenopus from the f ie ld  s i tuat ion in  South 

Afr ica ,  we did these data  a  l i t t le  bi t  d i fferent ly. We t r ied to  co-vary 

this  with  the weight  of  the f rog.  And so we calculated a  

larynx-somatic  index,  the  weight  of  the  di la tor  muscle  and the 

associated car t i lage versus  the body weight  of  the  f rog.  Again,  we 

saw a c lear  sex-rela ted difference in  both the references  areas  and the 

corn-growing areas .  But  there  was no associat ion with  whether  the 

animals  were col lected in  reference or  corn-growing locat ions .  

So in  terms of  this  second hypothesis ,  i f  we looked at  whether  

or  not  there  was evidence to  support  the  conclusion that  a t razine 

effects  or  exer ts  effects  through androgen-mediated processes ,  the  

evidence was e i ther  there  was no evidence avai lable;  or  where there  

was,  the  evidence was scant  and cer ta inly not  indicat ive of  a  robust  

type of  response.  

The third  hypothesis  that  we considered was one of  whether  or  

not  a t razine would exer t  i t ' s  effects  through inf luences  on the thyroid 

hormone system. And this  was an obvious hypothesis  to  us  given the 

importance of  the  thyroid in  mediat ing both metamorphosis  and what  

is  known across  ver tebrates  in  terms of  the  permissive effects  of  

thyroid hormones on other  aspects  of  development  such as  gonadal  

development .  
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So we were interested in whether or not there were changes in 

thyroid hormone-mediated responses .  And the bot tom l ine here  is  that  

a t razine does  not  appear  to  affect  metamorphosis .  In  terms of  an 

obvious other  place to  look,  would be whether  or  not  a t razine had 

effects  on plasma thyroid hormone t i ter.  There  is  no informat ion 

avai lable  a t  th is  t ime.  

So binding to  the thyroid hormone receptor  has  not  been tes ted 

in  amphibians .  And in  terms of  effects  of  thyroid hormone-dependent  

gene act ivat ion,  there  was no effect  on metamorphosis  in  a  sui te  of  

different  s tudies  using a  range of  species  including Xenopus,  the  

green frog,  and the Leopard Frog.  

So in  terms of  the  bot tom-l ine conclusion for  thyroid-mediated 

response,  we see no evidence that  a t razine affects  thyroid-mediated 

processes  in  amphibians .  And this  conclusion fa l ls  wel l  in  l ine  with  

the conclusions that  are  coming out  in  terms of  the  mammalian 

l i terature .  Again,  in  mammals ,  there  is  no indicat ion that  a t razine is  

affect ing thyroid-dependent  processes .  

The fourth  hypothesis  and one that  has  been the focus of  much 

of  the a t tent ion of  the  panel ,  but  a lso of  the  discussions today,  was 

whether  or  not  a t razine causes  adverse  effects  on gonadal  

development  in  amphibians .  
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And in  this  regard,  we focused our  evaluat ions on both 

tes t icular  morphology and ovarian morphology and development .  The 

bot tom l ine in  these s tudies  is ,  that  i f  you look across  the  l i terature ,  i f  

there  is  a  sex that  has  the  potent ia l  to  be affected,  i t  i s  more l ikely  the  

males .  But  in  this  s i tuat ion,  i t  i s  c lear ly  a  var iable  type response.  

And I ' l l  t ry  to  highl ight  some of  those differences  in  var ious s tudies  

that  have been evaluated.  

In  terms of  the  effects  on tes t icular  development ,  the  kinds of  

endpoints  have included --  wel l ,  f i rs t  of  a l l ,  there 's  been a  var ie ty  of  

endpoints  that  have been evaluated.  In  terms of  the  ones  that  I 'm 

going to  highl ight  on this  s l ide  was in  terms of  effects  both 

hermaphrodism and on the presence of  discont inuous tes tes  or  breaks 

of  the  s t ructure  of  the  tes tes .  

Dr.  Hayes reported in  the PNAS paper  that  there  was an 

induct ion of  both of  these events  a t  doses  greater  than or  equal  to  0 .1  

microgram per  l i ter.  The work done by the panel  showed aspects  of  

s imilar  responses ,  but  a t  doses  that  were about  250-fold higher  in  

concentrat ion.  And in  other  s tudies  using Xenopus,  there  were no 

effects  in  f ie ld  and microcosm-exposed populat ions in  South Afr ica .  

And there  was no effects  in  the laboratory s tudy conducted at  

Michigan State  Univers i ty. 
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There was one other  s tudy. And that  was the s tudy by 

Tavera-Mendoza and col leagues who reported a  decrease in  tes t icular  

volume in  Xenopus.  They showed this  response at  21 micrograms per  

l i ter.  But  we have ser ious  quest ions  and reservat ions  about  that  s tudy 

as  there  is  inconsis tency between the publ ished work and the repl icate  

exper iments  that  are  reported in  the  thesis  descr ibing the ent i re ty  of  

the  work conducted in  that  laboratory. 

In  other  s tudies ,  there  was no effect  a t  doses  less  than or  equal  

to  25 micrograms per  l i ter  in  the green frog in  work by Hecker. And 

then there  was s tudy by Hayes showing that  there  was in  increase in  

hermaphrodism in Rana pipiens ,  the  Leopard Frogs;  but  i t  was an 

inverse  concentrat ion response that  was somewhat  diff icul t  to  

interpret .  

There  were other  s tudies  that  have looked at  hermaphrodism in 

f rogs.  And this  turns  out  that  this  has  been a  response that  has  been 

observed for  decades.  There  was response indicat ing that  

hermaphrodism does occur  in  other  f rogs wel l  pr ior  to  the  use of  

a t razine.  And in  the cr icket  f rogs,  there  was a  c lear  indicat ion of  

intersex in  a  re t rospect ive s tudy that  evaluated museum specimens.  

In  terms of  the  types  of  responses  that  have been seen,  these are  

some work from Jim Carr 's  s tudies  that  were publ ished in  
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Environmental  Toxicology and Chemistry.  In  terms of  discont inuous 


tes tes ,  there  was an increase associated with  a t razine exposure  but 


only at  the  highest  dose both in  terms of  discont inuous tes tes  and 


in tersex.  I f  we t reated with  DHT or  es t radiol ,  we saw no effect  in 


terms of  discont inuous tes tes  but  an induct ion by est radiol  of  an 


increase in  the  proport ion of  intersex. 


In  other  s tudies  that  were conducted by Hecker  and associates  

a t  Michigan State  Univers i ty,  we saw no s ignif icant  differences  

associated with  exposure  to  var ious doses  of  a t razine in  terms of  

looking at  discont inuous gonads,  mixed-sex gonads,  s ize  

i r regular i t ies ,  in tersex,  or  other  anomalies .  So,  c lear ly,  there  is  a  

discordance between different  laborator ies  in  terms of  types  of  

responses  that  are  seen in  terms of  tes t icular  development .  

In  a  f ie ld  s tudy,  this  was work conducted in  Iowa in  which there  

was an evaluat ion of  var ious - -  pardon me. This  is  work from South 

Afr ica .  And this  was,  again,  looking at  Xenopus from areas  which 

were references  s i tes  and corn-growing s i tes .  And here  a  serological  

evaluat ion was done to  look at  the  dis t r ibut ional  volume of  different  

cel l  types  within a  microscopic  f ie ld ,  looking at  spermatogonia ,  

spermatocytes ,  sperm,  blood vessels ,  and other  cel l  types .  And we 

could different ia te  no difference in  this  dis t r ibut ion of  cel l  types  f rom 
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both corn-growing and reference locat ions. 


I f  we switch gears  a  l i t t le  bi t  and we look at  what  happens in  

terms of  some of  the types  of  responses  that  we see in  amphibians ,  

th is  is  an interest ing observat ion that  we and now others  have clear ly  

made.  And that 's  the  presence of  an oocyte  that  is  found growing,  not  

necessar i ly  growing,  found present  in  the vicini ty  of  what  appears  to  

be normal  tes t icular  t issue.  In  this  case ,  we have an oocyte  with  

mult iple  nucleol i .  We have a  development  of  epi thel ia l  cel l  layer. 

And this  tes t icular  oocytes  are  turning out  to  be a lmost  a  ubiqui tous 

feature  of  the development  of  amphibians .  

I f  you look across  a  range of  s tudies ,  var ious authors ,  Hayes,  

Smith,  Du Preez,  Hecker,  and others  going back to  Witschi  in  the 

1920s,  have ident i f ied that  there  are  tes t icular  oocytes  that  are  

present  in  amphibians .  

In  terms of  whether  this  response is  associated with  a t razine,  

there 's  one paper  suggest ing that  these occur  in  associat ion with  

exposure to  a t razine.  That  being the Hayes work.  But  the other  

s tudies  show that  these are  present  a t  a l l  doses  associated with  both 

reference and doses  lower  than 30 or  25 micrograms per  l i ter. 

Just  to  give you an example of  the kinds of  responses  that  

people  have seen,  this  is  some work on tes t icular  oocytes  in  Xenopus 
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that  were exposed as  juveni les  unt i l  Stage 66 and then al lowed to 


grow up or  grow out  f rom there .  When we looked at  these data  in 


terms of  the  incidence of  tes t icular  oocytes  or  of  intersex,  there  was 


no s ignif icant  difference in  that  dis t r ibut ion associated with  exposure 


to  a t razine. 


Now, I  ment ioned ear l ier  that  i f  we switch and look at  the  

opposi te  sex and we look at  responses  in  females ,  the  general  scheme 

of  things is  that  there 's  no evidence that  there  are  affects  on ovar ian 

morphology in  Xenopus associated with  exposure to  a t razine.  Hayes 

in  his  work showed no effect  a t  doses  up to  200 micrograms per  l i ter. 

Others  a t  the  highest  doses  that  they looked at  25,  approximately 30,  

in  the f ie ld  s tudies ,  or  25 in  the Michigan State  s tudy by Hecker, 

showed no effect .  

The one s tudy that  seems to  be contrary to  this  is  the  

Tavera-Mendoza in  a  second paper.  And this  group reported that  

associated with  exposure  to  a t razine,  there  was a  reduct ion in  the 

number  of  pr imary oocytes  but  actual ly  an increase in  the  number  of  

secondary oocytes .  An interpretat ion of  this  would be that  a t razine is  

actual ly  promoting ovar ian development .  

Again,  we have some concerns  about  this ,  that  the  repl icat ion 

between the publ ished s tudy and what 's  reported in  the thesis  is  
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cer ta inly  not  there  and i t ' s  not  consis tent . 


In  other  s tudies  where invest igators  have looked in  a  number  of  

ranids ,  again,  there  was no effect  in  terms ovar ian development .  

So in  terms of  evaluat ing whether  or  not  a t razine exposure  is  

associated with  effects  on gonadal  development ,  in  terms of  the  

temporal i ty,  there  seems to  be a  very ser ious  quest ion associated with  

causal i ty  in  that  these responses  were present  wel l  before  the  

introduct ion of  a t razine to  the  marketplace.  In  terms of  the  s t rength 

of  associat ion,  there  is  some evidence of  responses .  But  i t ' s  an 

inconsis tent  concentrat ion response.  

In  terms of  the  consis tency where there  are  concentrat ion 

responses ,  these are  typical ly  not  dose-rela ted.  There 's  c lear ly  some 

indicat ion that  there  may be some effects  that  are  occurr ing.  There 's 

l i t t le  evidence to  indicate  that  those are  severe  effects .  But  a t  th is  

point  in  t ime,  we have l i t t le  or  no evidence in  terms of  the  mechanism 

that  may be contr ibut ing to  these types  of  responses .  

So our  overal l  assessment  here  is  that  there 's  l i t t le  evidence the 

a t razine affect  gonadal  development  in  male  f rogs.  

The las t  hypothesis  is  one that  we very much wished to  get  to .  

And that  is  to  address  the  quest ion --  some of  you may cal l  i t  the  

select  quest ion.  And that  was whether  or  not  a t razine causes  adverse  
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effects  a t  the  populat ion level  in  exposed amphibians .  And so the 

kinds of  endpoints  can be and have been considered in  this  regard are  

looking at  the  abundance of  species ,  age-s ize  c lass  dis t r ibut ions  as  

examples .  

And the conclusion to  these s tudies  is  re la t ive  to  causal i ty, 

there 's  l i t t le  evidence of  effects  l inked to  a t razine exposure .  

Now, I ' l l  go through this  s l ide ,  but  I 'd  to  remind those 

ecologis ts  in  the  group that  there  is  a  caveat  coming on the next  s l ide .  

When we've looked at  populat ion responses ,  the  kinds of  

responses  that  we 've measured are  there  are  robust  populat ions  and 

there  are  no differences  in  age-s ize  c lass  dis t r ibut ions  of  Xenopus in  

corn-growing and reference s i tes  in  South Afr ica .  When others ,  

Hayes,  has  looked at  the  Leopard Frog across  a  range of  a t razine 

exposures ,  he  found robust  populat ions.  When we looked in  South 

Flor ida,  we found much higher  populat ions  of  the  cane toad in  areas  

that  were associated with  sugar  cane product ion which would have 

higher  exposure  to  a t razine than our  reference locat ions .  

And when we looked at  the  bul l f rog across  a  range of  a t razine 

exposures  in  Southern Iowa,  there  were numerous individuals  in  what  

appeared to  be robust  populat ions .  But  my caveat  for  the  ecologis ts  

in  the group was that  few studies  have been undertaken to  expl ic i t ly  
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address  the quest ion of  whether  there  were adverse  populat ion level 


impacts  associated with  a t razine exposure  in  amphibians ,  a t  least  in 


nat ive amphibians . 


Now, just  a  couple  of  s l ides  here  so we don ' t  th ink al l  of  the  

work occurs  in  the lab.  This  is  Louis  Du Preez taking an oxygen 

meter  sample f rom a s tudy s i te  in  South Afr ica .  These are  the t raps  

that  we used to  col lect  Xenopus.  These are  weighed down and put  

underwater  because Xenopus is  obviously an aquat ic  species .  We 

then col lect  the  f rogs in  the  t raps .  We then can do mark,  recapture ,  

and re lease s tudies .  

And when we do these kinds of  things,  these are  types  of  data  

that  we have seen.  And these are  looking at  both reference and 

corn-growing locat ions in  South Afr ica .  And the var ious colors  on 

there  represent  var ious  age c lasses .  In  terms of  s ta t is t ical  evaluat ion,  

there  was no difference in  the proport ion of  different  age classes  

across  the reference and corn-growing s i tes .  And i f  you look at  those 

populat ion s t ructures ,  you 've got  a  blend of  young and old f rogs in  a l l  

of  the  locat ions .  

So in  terms of  our  overal l  evaluat ion here  in  terms of  whether  

or  not  there  are  responses  that  are  manifest  a t  the  populat ions ,  to  our  

knowledge,  there 's  no evidence at  th is  point  l inking atrazine exposure 
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and adverse  effects  a t  the  populat ion level . 


Now, where are we in terms of the summary?  In terms of the 

overal l  s t rength of  associat ion,  i f  we look at  the  global  character is t ics  

of  temporal i ty,  we see no evidence of  a  correla t ion between the 

occurrence of  gonadal  effects  and the introduct ion and use of  

a t razine.  

In  terms of  s t rength of  associat ion and the var ious kinds of  

parameters  that  we 've looked at ,  on general  or  in  general ,  there 's  l i t t le  

evidence to  point  to  a  concentrat ion-dependent  response with  a t razine 

and the var ious endpoints  that  we 've looked at .  No one has  evoked 

caut ious  postulates  to  remove the s t ressor  to  t ry  to  es tabl ish 

causal i ty. That 's  something that  with  a  robust  responses ,  we cer ta inly 

would be wil l ing to  and would l ike to  consider. 

In  terms of  incidence ra tes  in  the  populat ion,  these,  for  the  

var ie ty  of  parameters  that  we 've looked at ,  are  c lear ly  inconsis tent .  

And more of ten than not ,  the  var ious types  of  confounders  that  could 

have inf luenced the types  of  responses  that  we 've seen,  par t icular ly  in  

the f ie ld  s i tuat ion,  have not  been specif ical ly  addressed.  

In  terms of  consis tency,  general ly,  there  is  not  par t icular ly  

good consis tency where there  have been responses  measured.  In  

terms of  biological  plausibi l i ty,  in  terms of  the  kinds of  mechanisms 
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that  are  evoked in  the l i terature ,  in  terms of  effects  through 

est rogenic ,  androgen,  or  thyroid-mediated mechanisms,  we see l i t t le  

evidence to  suggest  that  a t razine is  exer t ing effects  in  that  way. 

And we can ' t  specif ical ly  address  the quest ion of  recovery 

given that  there 's  a  lack of  consis tent  and robust  response in  the types  

of  endpoints  that  we 've looked at .  

Now, one of  the things that  you may have picked up is  that  the  

group that  we work with  is  an a t razine ecological  r isk  analysis  panel .  

So what  we should be doing is  conduct ing a  r isk analysis .  Well ,  we 're 

hamstrung and we're  unable  to  do a  r isk analysis  in  the sense that  

we 're  not  seeing consis tent  effects ,  there 's  no consis tent  

concentrat ion-dependent  responses .  And at  th is  point  in  t ime,  a  r isk  

analysis  is  not  feasible  or  possible .  

Thank you very much for  your  t ime and at tent ion.  

DR. ROBERTS: Thank you for  your  presentat ion.  I  would l ike 

now to ask the Panel  i f  they had any quest ions for  you.  Dr.  Kel ley. 

DR.  KELLEY: Yeah,  I  have some quest ions about  the Carr  

s tudy that  was publ ished in  2003.  Is  that  okay to  ask you about?  One 

of  the  puzzl ing aspects  of  the  Carr  s tudy were the resul ts  with  the 

posi t ive  control  which was ra is ing the tadpoles  in  es t radiol .  And as  I  

unders tand i t ,  they were ra ised beginning 48 hours  af ter  fer t i l izat ion 
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al l  the  way up unt i l  they got  to  Stage 66,  and you only looked at  Stage 


66 animals .  And there  are  a  number  of  s tudies  in  the  l i terature  that 


indicated that  these animals  in  other  s tudies  would have a  hundred 


percent  female  a t  that  dose and nobody had ever  reported intersex at 


that  dose;  a l though i t  i s  reported within a  smal ler  t ime window.


And I  wondered i f  you had a  feel ing for  why you had rela t ive 

insensi t ivi ty  in  this  paradigm to the posi t ive  control?  

DR. CARR: I  don ' t  know if  i t  was a  lack of  sensi t ivi ty. I f  you 

actual ly  look at  the  es t radiol  levels  in  the  tanks,  which is  in  the  

technical  report ,  they are  a  lot  lower  than they should be.  So i t  may 

have been a  dose response effect .  

DR.  KELLEY: Oh,  so you think i t  was actual ly  s t icking to  the 

glass .  

DR.  CARR: No.  I  think i t  might  have been a  fact  of  the tank 

change paradigm. We didn ' t  do complete  tank changes.  We didn ' t 

th ink that  would affect  a t razine.  In  fact ,  i t  d idn ' t  affect  a t razine 

levels .  And that  was the purpose of  the  experiment .  

We've done other  s tudies  to  show that  that  concentrat ion,  i f  you 

maintain  target  concentrat ions  a t  100 par ts  per  bi l l ion es t radiol ,  you 

wil l  get  100 percent  females .  

DR.  KELLEY: Well ,  so  what  I 'm dis turbed about  is  in  Figure 2 .  
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So the summary s ta tement  f rom Figure 2  is  that ,  in  fact ,  the  effect  of 


atrazine did not  resemble the effect  of  es t radiol .  But  i f  you actual ly 


look at  Figure  2 ,  in  fact ,  they look qui te  s imilar ;  a l though clear ly  the 


effect  of  a t razine is  not  as  s ignif icant  as  the  effect  of  es t radiol .  So 


I 'm just  worrying that  the  paradigm i tsel f  di luted the del ivery to  such 


an extent  that  an effect  present  could not  have been picked up. 


DR. CARR:  Diluted the del ivery of - -

DR. KELLEY: Well ,  c lear ly,  you 've just  told  me i t  d i luted the 

del ivery of  es t radiol  so that  you didn ' t  have an effect ive 

concentrat ion.  

DR. ROBERTS:  Dr. Kel ley, I 'm sorry to interrupt .  But can you 

make i t  c lear  which f igure  you 're  looking so the res t  of  the  panel  can 

see what  you 're  referr ing to .  

DR.  KELLEY: Yes.  This  is  a  f igure  - -  there  is  a  publ ished 

paper  this  year  on whom the f i rs t  author  is  Dr.  Carr  who's  down at  the  

end of  the  table .  

DR. CARR:  So this is Figure 2 in our paper.  Okay. 

DR. KELLEY: Yeah,  this  is  Figure 2  in  the paper.  I 've  a lso 

read the technical  report  which I 'm looking at  here .  But ,  you know, 

the  paper  is  a  lot  shorter.  I t ' s  eas ier  to  get  through.  

Anyway,  so I  guess  I 'm concerned about  the  fact  that ,  a l though,  
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of  course ,  applying s ta t is t ics  to  i t  - -  in  one case,  you have a  s ta t is t ical 


effect  and in  the other  you don ' t .  But ,  in  fact ,  the  graphs are  actual ly 


ra ther  s imilar.


DR. CARR: You're  r ight .  There was a  reduct ion in  the 

percentage of  males  in  the  highest  a t razine concentrat ion.  I t  was not  

s ta t is t ical ly  s ignif icant .  There  was no al terat ion in  the  percentage of  

females .  

DR. KELLEY: Okay. 

DR. CARR: And that  led us  to  our  other  conclusion in  that  

paper  that  a t razine was pr incipal ly  affect ing male  gonadal  

di fferent ia t ion.  

DR. KELLEY: Okay. So you ' re  a t t r ibut ing your  lack of  the 

posi t ive  control  to  the fact  that  you didn ' t  have an effect ive enough 

dose of  es t radiol .  

DR. CARR:  Correct . 

DR.  KELLEY: But  you don ' t  th ink that  that  appl ied to  the 

a t razine in  the  s tudy --

DR. CARR: Well ,  we know i t  d idn ' t  because --

DR. KELLEY: --  because you measured i t .  

DR. CARR:  - - we measured i t . 

DR.  KELLEY: That 's  my f i rs t  quest ion.  I  wi l l  cede the s tage to  
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somebody else . 


DR. ROBERTS:  All r ight .  Dr. Skel ly and then Dr. Green. 

DR. SKELLY:  During your  presentat ion,  you suggested that  

the  work of  one group,  Tavera-Mendoza.  You suggested that  this  

s tudy design was f lawed and that  you sor t  of  implied that  that  should 

inf luence how we think about  the  evidence that  came out  of  that .  I 

wanted to  ask you a  general  quest ion and a  specif ic  quest ion.  And 

that  is ,  in  general ,  do you think s tudy design f laws should inf luence 

how this  panel  views the evidence that  we 're  being asked to  look at?  

And specif ical ly,  i f  a t razine is  being detected at  control  s i tes ,  should 

that  inf luence how we think about  s tudy outcome? 

DR. VAN DER KRAAK: In terms of  the Tavera-Mendoza 

paper,  we were taken back by the lack of  reproducibi l i ty  of  the  data  

across  what  was reported in  the thesis  and what  was reported in  the 

publ ished l i terature .  So in  terms of  our  evaluat ion,  we fel t  that  i t  was 

appropria te  that  we ident i fy  that  there  was that  inconsis tency.  And so 

ra ther  than in  our  weight  of  evidence providing a  very resounding 

posi t ive  response,  as  an example,  we fel t  that  i t  was inappropria te  to  

do that ;  g iven that  within their  own hands,  that  wasn ' t  a  reproducible  

effect .  And so we 've tended to  diminish the value of  that  in  our  

scheme. We didn ' t  exclude i t  to  complet ion in  that  we reported the 
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data  and said what  they found.  So 50 percent  of  the  t ime,  they get  a  

response.  

In  terms of  the  specif ics  of  their  exper imental  design,  I  th ink 

there 's  a  number  of  issues  associated with  the type of  experiments  

they did in  terms of  a  very short  durat ion response,  a  short  durat ion 

exposure paradigm, looking at  a  response without  subsequent  fol low 

up to  f ind out  whether  this  was a  long-term advancement  in  ovar ian 

development  as  the  case was in  females  or  a  s ignif icant  change in  

tes t icular  development  as  they seem to report  in  males .  So i t  was 

diff icul t  to  t ry  to  address  that  f rom the robustness  perspect ive.  

Should you exclude that  in  your  evaluat ions?  No.  I  th ink you 

should include i t  in  your  evaluat ions .  But  you should look at  a l l  of  

the  avai lable  data  in  arr iving at  your  individual  conclusions as  to  how 

you placed weight  on individual  s tudies .  

The second quest ions  I ' l l  g ive my response to  i t ,  and then I ' l l  

ask others  on the panel  i f  they wish to  add something addi t ional .  

Your  quest ions  was whether  or  not  the  presence of  a t razine in  

some of  the  experiments  in  the controls  would be something that  

would cause me to  throw out  that  data .  And the answer  to  that  is  that  

in  my  mind,  that 's  not  the  issue that  would throw i t  out  in  my 

perspect ive would be because we would be looking at  that  in  a  
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dose-response-rela ted paradigm and seeing no evidence of  dose 


response.  I  wouldn ' t  be  - -  I  would feel  that  that  negated the nature  of 


the  exper iment . 


Does anybody wish to  add to  that?  

DR. GIESY:  I  think that 's  an excel lent  quest ion.  And the way I  

would answer  i t  i s  I  th ink that  would preclude being able  to  ask 

cer ta in  kinds of  quest ions .  But  i t  wouldn ' t  negate  the  abi l i ty  to  ask 

other  kinds of  quest ions .  

The way we've approached i t  in  the  f ie ld  where i t  i s  di ff icul t  to  

f ind s i tuat ions  where there  is  no at razine but  very low concentrat ions ,  

is  to  take a  Type 2 s ta t is t ical  approach or  regress ion-type approach to  

look at  that  data  because i t  i s  d i ff icul t  to  ask the quest ion completely  

without  and with  a t razine.  

So I  think you have to  look at  each s tudy specif ical ly. And I  

would re i terate  what  Dr.  Van Der  Kraak said,  I  don ' t  th ink you throw 

al l  the  data  out .  But  I  th ink i t  does  preclude the abi l i ty  to  ask cer ta in  

quest ions .  

DR. ROBERTS: Moving on then.  Dr.  Green.  

DR. GREEN: This  quest ion is  a long the same l ines .  There 

were two s tudies  that  you referred to  qui te  f requent ly,  the  one by Dr. 

Carr  in  2003 and the one publ ished Dr.  Giesy in  2003,  in  which you 
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said that  data  was interpreted as  a t razine had no effect  on the var ious 


parameters  you were looking at .  A very nagging concern I  have about 


those s tudies  has  to  do with  s tocking densi t ies ,  loading densi t ies ,  and 


the  water  qual i ty  in  those tanks. 


Ammonia levels  as  high as  27 mil l igrams per  l i ter  are  qui te  

toxic .  And that  a lone could affect  the  outcome of  that  s tudy. I t  could 

inhibi t  the  growth of  the  animals ,  make them suscept ible  to  infect ious  

diseases .  And given that  you have such var iabi l i ty  in  s tocking 

densi ty,  the  tadpoles  were s tocked qui te  heavi ly,  as  wel l  as  var iabi l i ty  

in  water  qual i ty,  how can you support  the  conclusion that  a t razine had 

no effect  in  the face of  such background levels  of  other  toxic  

substances .  

And I  have a  fol low-up quest ion to  that ,  too,  i f  that 's  okay. 

DR. ROBERTS:  That 's f ine . 

DR.  GIESY:  Yeah,  that 's  a  good quest ion.  The s tudies  with my 

name on them were f ie ld  s tudies  f rom South Afr ica .  They weren ' t  the  

lab s tudies .  I  th ink the ones  you refer  to  are  the ones  by Hecker, 

Environmental  Toxicology. 

DR. GREEN:  Yes. 

DR.  GIESY:  Yeah,  and you 're  r ight .  Al l  those issues  are  ones  

we ident i f ied in  our  report  that  are  l imita t ions  of  the  s tudies .  When 
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we went  into  the s tudy,  we t r ied to  do a  power analysis  to  look at  what 


we needed in  the way of  sample s izes  to  be able  to  make some


conclusions.  And that  included s tocking numbers  and numbers  of 


tanks to  look for  tank effects  and number  of  doses . 


So when we did a l l  that ,  in  the end,  everything was a  

compromise.  And in  hindsight ,  cer ta inly,  i f  we had the space and 

abi l i ty  to  do i t ,  we would have chosen to  use lower  densi ty  s tocking 

for  sure .  So al l  those cr i t ic isms that  the  EPA has  pointed out ,  and I 'm 

sure  the Panel  wil l  p ick up on,  are  val id  and we cer ta inly would 

recognize those.  

Whether  i t  completely  negates  the  ut i l i ty  of  the  data ,  I  

personal ly  don ' t  th ink so.  I  th ink i t  would be nice  to  be able  to  do i t  

again.  That 's  why personal ly  I  th ink the EPA's  conclusions are  sound.  

And their  proposal  to  move forward is  a  good one,  to  t ry  to  remove of  

those uncer ta int ies  that  we readi ly  admit  are  there .  

DR. ROBERTS:  Fol low-up by Dr. Green. 

DR. GREEN: Yes.  I 'd  l ike  to  know just  in  general  by members  

of  the  Panel  who have labs  where they are  conduct ing these 

experiments .  What  tes t  ki ts  do you use,  and how frequent ly  do you 

monitor  water  qual i ty  analysis  in  these s tudies?  Are they color  

metr ics ,  that  sor t  of  thing? 
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DR. CARR: The s tandard operat ing procedures ,  I  th ink,  were 

made avai lable  as  par t  of  the  GLP condi t ions  for  the  s tudy and there  

should be water  qual i ty  operat ing procedures  in  there .  We  measure  

temperature ,  dissolved oxygen,  conduct ivi ty,  ammonia,  us ing the 

Hawk photometr ic  method on a  weekly basis .  In  many cases ,  

dissolved oxygen on an every-other-day basis  or  every three days 

when we do tank changes.  

DR. ROBERTS:  Dr. LeBlanc then Dr. Kloas and then Dr. 

Thral l .  

DR.  KENDALL: Mr.  Chairman,  I  think Dr.  Carr  wants  to  add to  

the  f i rs t  quest ion.  

DR. ROBERTS:  Okay.  That 's f ine . 

DR.  CARR: Right .  Dr.  Green was asking about  water  qual i ty. 

There  are  concerns  about  water  qual i ty  in  a  s ta t ic  exchange design.  

The 27 ppm levels  that  came up --  towards the end of  the  s tudy when 

the animals  are  larger,  complet ing metamorphosis ,  the  unionized 

ammonia levels  were about  .2  ppm. We didn ' t  see  high mortal i ty. 

And we don ' t  th ink that  ammonia was toxic  to  the animals .  

Did i t  effect  growth?  Well ,  the  animals  did develop s lowly. 

They were a t  a  lower  temperature .  But  we also saw 99 percent  of  the  

animals  sexual ly  different ia ted.  So we don ' t  th ink i t  impacted the 
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degree of  sexual  different ia t ion and that  the  cr i t ical  a im of  the  s tudy 

was to  examine at razine effects  on gonadal  development .  

DR.  ROBERTS: Okay. Were there  other  members  of  your  

group that  wanted to  respond to  Dr.  Green 's  quest ion?  Dr.  LeBlanc.  

DR. LEBLANC: Thank you.  When I  think about  androgens and 

est rogens,  I  tend to  think about  them having different  roles  in  adul ts  

versus  juveni les .  That  is ,  in  the  adul t ,  I  th ink about  them having roles  

in  reproduct ion.  And in  the juveni le ,  the  larvae,  I  th ink about  them 

having roles  in  development .  And I  think what  we 're  concerned about  

today is  a  role  that  a t razine might  have in  per turbing development  of  

these  larvae.  

But  i t  seems l ike  a  lot  of  the  negat ive data  that  was just  

presented discount ing or  a t  least  not  being able  to  demonstrate  any 

effect  of  a t razine on androgens or  es t rogens,  were in  the adul t .  

Correct  me i f  I 'm wrong i f  that 's  not  the  case.  But  in  terms of  s teroid 

hormone levels ,  aromatase act ivi ty,  I  jus t  got  the  feel ing l ike  you 

were a iming at  the  wrong target  when generat ing this  information.  

Could you comment  on that  anyone? 

DR. ROBERTS:  Dr. Giesy. 

DR. GIESY:  I  wanted to  make sure  you introduced me. 

Yeah,  that 's  a  good quest ion.  Some of  the s tudies  were with  
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adul ts .  The Xenopus s tudies ,  there  was one that  was conducted 


through Stage 66 where there  were samples  taken for  analysis  a t  that 


point .  And there  was a  subpopulat ion that  was grown out  for  about 


two-and-a-half  months  beyond that . 


A similar  s tudy was done with the ramaclamatns .  So those were 

exposed throughout  their  ent i re  development .  The Carr  s tudy was 

terminated at  Stage 66.  And those were exposed throughout  the  ent i re  

developmental  per iod.  There  were other  s tudies  that  were the f ie ld  

s tudies  where those were adul ts .  So they were col lected as  adul ts ,  but  

presumably,  they were exposed to  the environmental  concentrat ions  

of  a t razine in  those s i tuat ions  throughout  development .  

And then there  were some s tudies  that  were done only as  adul ts  

to  look at  potent ia l  mechanisms of  act ion at  a  fa i r ly  crude high level  

to  see i f  we could get  induct ion in  the gonad because that  had been 

reported in  the l i terature  previously. So in  the adul ts ,  we did want  to  

see i f  we could reproduce that .  

So i t  was a  combinat ion of  adul ts .  But  most ly  i t  was throughout  

development .  

DR. LEBLANC:  Can I fol low up? 

DR. ROBERTS:  Yes, please . 

DR.  LEBLANC: As rela ted to  androgenic  or  ant i -androgenic  
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effects  of  a t razine,  one of  the  conclusions that  was reached by the 

group was that  a t razine did not  mimic THT.  And I  think the data  

demonstrated that  ra ther  c lear ly,  though I  suspect  that  never  real ly  

was a  hypothesis .  So I  don ' t  th ink any of  the  data  that 's  been reported 

suggests  that  i t  i s  act ing as  an androgen.  And i f  anything,  perhaps i t ' s 

act ing as  an ant i -androgen.  

And I  was wondering i f  the  Eco Risk group has  ever  evaluated 

i t ,  an ant i -androgen,  to  see  i f  the  effects  are  consis tent  with  a t razine.  

DR. VAN DER KRAAK: The short  answer is  no.  Have we 

considered i t?  Yes.  But  i t  has  been considered in  re la t ion to  a  whole  

host  of  var ious hypotheses  that  in  the goodness  of  t ime wil l  get  

tes ted.  

DR. ROBERTS: Dr.  LeBlanc,  I  thought  your  f i rs t  quest ion 

might  have encompassed not  only the t ime of  exposure but  the  t ime of  

assessment ,  developmental  s tage at  assessment .  And I  wasn ' t  sure  

whether  the response --  Dr.  Giesy,  I  th ink,  focused on the durat ion of  

exposure and the developmental  s tages  of  exposure but  not  

necessar i ly  a t  the  t imes of  assessment .  

So i f  I  might  jump in and fol low up.  Dr.  Giesy,  can you touch 

on that  in  terms of  s tages  of  development  a t  which assessment  was 

conducted and how that  might  factor  into  the interpretat ion.  
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DR. GIESY:  Yeah.  We,  as  a  panel ,  have ta lked about  that  a  lot  

and think that 's  real ly  cr i t ical  to  doing experiments  and also 

interpret ing the data .  In  our  s tudies ,  we developed protocol .  I f  we 

were to  do addi t ional  s tudies ,  cer ta inly,  we would want  to  design,  I  

th ink l ike the EPA is  proposing to  design,  a  system where we could 

look at  some of  the  cr i t ical  windows.  We think that 's  very important .  

And I 'm going to  le t  J im Carr  ment ion things in  a  minute .  

But  we think,  a lso,  that  i t  may lead to  some of  the  diff icul t ies  

in  interpretat ion and comparison among data  sets ,  among laborator ies ,  

how animals  are  exposed and when they are  col lected,  and whether  or  

not  they 're  grown out .  We agree with the EPA that  to  do that  

grow-out  s tudy is  important .  And I  think Dr.  Kel ley ment ioned that  

th is  morning.  I  couldn ' t  agree more.  I t ' s  very,  very appropria te  to  do 

that .  

So interpret ing the data ,  the  t iming of  exposure,  and in  a  

minute ,  I ' l l  make some comments  re la t ive  to  aromatase when the t ime 

is  appropria te  that  a lso would impinge on when you col lected i t  in  the  

developmental  cycle .  

DR.  CARR: One of  the technical  issues  with looking at  

hormone levels  in  the  tadpoles ,  of  course ,  is  that  you 're  res t r ic ted by 

the amount  of  blood that 's  avai lable  to  look at  blood hormone levels .  
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And what 's  of ten done is  to  look at  whole-body hormone levels .  So 


that 's  a  technical  issue that  would need to  be addressed in  the 


in terpretat ion of  whole-body hormone levels  re la t ive to  the  onset  of 


gonadal  s teroid secret ion. 


The other  issue is  the  t ransfer  of  maternal  s teroids  into  the egg 

and the contr ibut ion of  those s teroids  and separat ing those 

contr ibut ions  out  f rom the s teroids  that  are  produced andogenously 

f rom the animal 's  gonads.  

So I  th ink there  are  some technical  issues  that  would need to  be 

addressed,  too.  And we have discussed those several  t imes.  And i t  

would be important  to  look at  those,  I  th ink.  

DR. ROBERTS:  Dr. Kloas and then Dr. Thral l . 

DR.  KLOAS: I  would l ike to  cont inue in  this  f ie ld .  I  would 

l ike to  know something about  why did you use this  experimental  

design for  measuring aromatase s teroid levels .  So as  you are  aware,  

the  endocrine system you have some counter-regulat ion.  So you 

assessed est radiol  and tes tosterone af ter  a t  least  26 days.  And why 

didn ' t  you use the short - term exposure.  For  instance,  le t 's  say half  a  

day,  one day,  three days,  seven days?  And then i f  there  is  any change 

in  aromatase act ivi ty  and also in  es t radiol  and androgen levels ,  

because af ter  26 days or  43 days,  there  might  be a  readjustment  by 
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endocrine counter-regulat ion by hypothalamic pi tui tary levels .  So I 


th ink you cannot  real ly  exclude any aromatase effect . 


And,  fur thermore,  my second quest ion is  methodology by 

Miyi ta ,  environmental  toxicology al . ,  would also a l low to  assess  

aromatase act ivi ty  in  tadpoles .  Just  a  couple  of  seconds ago,  you 

were ta lking about  sensi t ive  windows.  Why not  to  do short- term 

exposures  in  tadpoles  and measuring aromatase act ivi ty  by using 

semi-quant i ta t ive auto PCR? 

DR. GIESY:  All  great  suggest ions.  I 'd  love to  do i t  a l l .  

DR.  ROBERTS: Dr.  Giesy 's  responding.  

DR.  GIESY:  Those are  a l l  great  suggest ions.  In  fact ,  in  our  

laboratory now, we 've developed molecular  beacons for  CYP19.  We 

can do that .  So these were ini t ia l  s tudies .  We wanted to  s tar t  a t  a  sor t  

of  a  high level ,  gross  look and see i f  we could reproduce what  was 

reported in  the  l i terature .  But  I  would agree i t  does  not  a l low us  to  

preclude the potent ia l  effects  through an aromatase mechanism of  

act ion in  specif ic  local ized t issues .  So I  th ink t iming is  important  to  

do that  and look at  i t .  To do that  in  smal l  t i ssue amounts  we would 

have to  use PCR. And l ike I  sa id ,  la ter,  whenever  i t ' s  appropria te ,  I ' l l  

ta lk  more about  the  aromatase hypothesis  and what  I  th ink about  i t  

and i ts  future .  
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But  I  th ink al l  of  those are  great  suggest ions .  I  would not  

disagree with  any of  them. 

DR. ROBERTS:  Dr. Thral l then Dr. Kel ley. 

DR.  THRALL: Maybe I  missed i t .  But  I  was s t i l l  jus t  a  l i t t le  

confused about  what  the inconsis tency was on the Tavera-Mendoza 

s tudy. You said there  was an inconsis tency between the thesis  and the 

publ ished paper.  And I  wondered i f  you could be more specif ic  about  

that .  This  was in  re la t ion to  tes t icular  volume.  

DR. SOLOMON:  We or iginal ly saw these papers only in 

publ icat ion,  and,  subsequent ly,  obtained a  copy of  the thesis .  I  don ' t 

know. Has the Panel  seen the thesis?  

DR. ROBERTS:  I do not bel ieve that that 's been entered into 

the docket .  

DR. SOLOMON:  One of the issues in the publ ished paper was 

that  they exposed the animals  for  a  re la t ively short  per iod of  t ime.  

And then they reported a  decrease in  the  s ize  of  the  tes tes ,  in  the  

volume of  the  tes t is ,  up to  70 percent  as  I  recal l .  However,  they 

didn ' t  actual ly  measure  the s ize  of  the  tes tes  in  the  animals  when they 

s tar ted.  I t  was just  comparing controls  to  the  t reated or  the  exposed 

animals  which ra ised concerns .  

Some other  concerns  were differences  in  the numbers  of  
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animals  reported between the f igures  and the text  of  the  papers  that  

were not  consis tent .  We,  subsequent ly,  obtained a  copy of  the thesis  

and found that  a  second experiment  had been conducted with greater  

range of  concentrat ions;  not  jus t  21,  which was actual ly  measured at  

18,  three different  concentrat ions .  And they had not  seen a  

concentrat ion response and no s ta t is t ical ly  s ignif icant  differences .  

So on that  basis ,  we fel t  that  there  was obviously some design 

f laws in  addi t ion to  the smal l  numbers  of  animals  used,  the  smal l  

number  of  tanks.  There were only two tanks used.  So they couldn ' t 

look at  in ter- tank var ia t ion.  So that  to  our  mind,  diminished the value 

of  that  data  in  interpret ing these responses .  

DR. ROBERTS:  Dr. Kel ley and then Dr. Skel ly. 

DR.  KELLEY: So I  have two sets  of  quest ions.  The f i rs t  real ly  

to  the  f ie ld  data  in  South Afr ica  s ince I  have to  report  on that .  

So the animals  were sampled in  Apri l  and May which is  jus t  a t  

the  end of  the  ra ins .  Could I  have some information on the re la t ion 

between the data  sampling of  the  adul ts  and the onset  of  the  breeding 

season? 

DR. DU PREEZ: In the Potchefst room area,  Xenopus breed 

from September,  September,  October,  November. That 's  the  onset  of  

the  ra iny season.  But  Xenopus has  got  a  prolonged breeding season 
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from September  r ight  unt i l  Apri l ,  end of  Apri l .  So --

DR. KELLEY: So you were sampling at  the  end of  the breeding 

season then.  

DR. DU PREEZ: Yes.  We sampled the great  major i ty  of  the 

specimens at  the  end of  the breeding season.  In  a  few of  the ponds,  

we had diff icul ty  col lect ing the targeted number  of  specimens;  and we 

col lected those during subsequent  months  af ter  that .  

DR.  KELLEY: Did you see any difference in  your  

measurements  of  plasma s teroid levels  depending on the t ime of  year?  

So you had most  of  your  animals  in  Apri l  and May.  But  you had this  

one group where you col lected at  four  different  t imes.  Were they 

pooled?  Or were you able  to  look at  those data  separately? 

DR. GIESY:  That 's an excel lent point one we 've discussed at 

length within the panel .  Let  me cut  to  my conclusion.  Then I ' l l  go 

back and t ry  to  backfi l l  wi th  some detai ls .  

From where we are  now, I  would have two conclusions.  One,  I  

don ' t  th ink i t ' s  very useful  unless  we unders tand the seasonal  cycles  

and are  able  to  s t ra t i fy  our  sampling to  use measurements  of  es t radiol  

and tes tosterone as  funct ional  endpoints .  EPA has come to  that  

conclusion in  their  White  Paper,  and I  agree.  

Now, the reason for that i s the sample s izes required to have 
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any power to  show effects  would be pret ty  large.  So we recorded 


when we col lected them. We also determined gonadal  s tage 


development  with  a  scor ing system,  and we also determined age.  But 


when we went  to  go to  t ry  to  s t ra t i fy  the organisms by t ime of 


col lect ion in  the season,  gonadal  s tage,  and age,  th ings got  pret ty  thin 


in  the sample s izes .  So that 's  a  t rade-off .  So I  think any f ie ld  work 


that  people  want  to  do is  going to  be very l imited because of  that 


problem.


Now, in  South Afr ica ,  as  you wel l  know, the Xenopus are  not  

synchronous spawners .  They spawn cont inuously throughout  the 

season.  Some  may not  spawn at  a l l .  Some  may spawn once,  and some 

may spawn several  t imes.  So I  th ink that 's  what  leads  to  the  great  

amount  of  var ia t ion.  

So at  the  same t ime,  I  then think,  wel l ,  wi th  the effects  we saw, 

we do see effects  in  the corn-growing region.  They are  fa i r ly  smal l  

re la t ive to  the var ia t ion that  we see.  And one quest ion is  what  

ecological  re levance does  that  have.  

But  to  answer  your  quest ion,  I  th ink i t ' s  absolutely  cr i t ical  that  

we be able  to  s t ra t i fy  our  sampling by season,  by age,  and by 

reproduct ive condi t ion to  be able  to  interpret  any potent ia l  effects  of  

compounds l ike  a t razine on hormones.  I t ' s  a  diff icul t  problem as  you 
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wel l  know. 

DR. KELLEY: So i f  I  could just  br ing the a t tent ion of  your  

group to  some avai lable  data  on hormone levels .  So we measured 

hormone levels  both in  serum and in  mid-sect ions  of  bodies  a t  var ious 

s tages  and development  which is  in  the Kang,  environmental  

toxicology al . ,  1995 paper  f rom General  and Comparat ive 

Endocrinology. And where we could compare the mid-sect ion level  to  

the serum level  because we had enough t issue,  they were very close.  

So i t  may be,  in  fact ,  that  that 's  an adequate  way to  do that  s tudy. 

And this  is  a lso the way that  a  more recent  s tudy by Bogge,  

environmental  toxicology al . ,  in  Comparat ive Biochemistry  and 

Physiology,  Par t  B in  2002,  measured both 17-beta  es t radiol  and 

androgen,  both T and DHT, throughout  development ,  were able  to  

document  the  contr ibut ion of  maternal  hormones very ear ly  in  

development ,  and then the la ter  contr ibut ion of  hormones.  

And in  their  paper,  a l though we did not  see  this  in  ours ,  the  

levels  are  comparable .  But  i t  looks l ike  their  var iabi l i ty  is  lower. 

They actual ly  have a  sex difference in  androgen level  and also in  

es t rogen level  a t  the  t ime of  sexual  di fferent ia t ion.  

So there  c lear ly  are  some data  avai lable  now that  would enable  

or  approaches that  would enable  you to  look at  that .  
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That was a comment . 

DR.  GIESY:  One I  didn ' t  ful ly  appreciate .  Can you te l l  me 

about  the  method?  Could you resample the same individual?  Is  that  

what?  

DR. KELLEY: No.  What  we did was,  you know, you can ' t  get  

enough blood out  of  a  tadpole  to  run a  re l iable  radioimmunoassay. 

They 're  pret ty  smal l .  And we actual ly  did these assays down to  Stage 

56,  which is  jus t  towards the beginning of  metamorphosis .  But  a t  

Stage 66,  the  end of  metamorphosis ,  we were able  both to  get  t issue 

samples ,  not  f rom the - -  actual ly,  did  we do them?  I  think actual ly  we 

did do them from the same individual  come to  think of  i t .  But  i t  d idn ' t 

make any difference.  The var iabi l i ty  was qui te  low.  And in  that  case ,  

the  serum levels  agreed qui te  wel l  wi th  - -  th is  is  a  mid-body segment  

that  includes  both the l iver,  which would be the major  c learance 

organ,  and the gonads.  So I  think i t  i s  possible  to  do.  

And the comment  which we got  f rom the reviewers ,  which I  wil l  

forward to  you,  was that  they were worr ied about  contaminat ion from 

l ipids .  But  we were able  to  extract  l ip ids  and come up with  exact ly  

the same numbers .  

DR. ROBERTS:  Dr. Skel ly fol lowed by Dr. Green and then Dr. 

LeBlanc.  
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DR. SKELLY:  In summing up what  you had concluded from 

concerning Hypothesis  V,  which is  a t razine causes  adverse  effects  a t  

the  populat ion level  in  exposed amphibians ,  you ment ion that  a  

number  of  s tudies ,  which you had done and which are  par t  of  the open 

l i terature ,  had sampled robust  populat ions.  And wondered i f  you 

could te l l  me what  your  group def ines  as  a  robust  populat ion and what  

sor t  of  demography,  breeding behavior  and breeding success  sor ts  of  

parameters  you 've measured and you plan to  measure .  

DR. DU PREEZ: As par t  of  this  s tudy,  we did a  mark and 

recapture  s tudy to  determine populat ions  in  both corn-growing and 

cat t le-farming areas .  And in  a l l  of  these s i tes ,  we found large 

numbers  of  Xenopus.  Male  female  ra t io  were the same. No s ta t is t ical  

di fference.  Xenopus populat ions  do f luctuate  sometimes due to  

introduct ion of  catf ish.  And as  we 've seen this  past  year,  catf ish can 

wipe out  a  Xenopus in  one specif ic  pond in  a  re la t ively short  t ime.  So 

you have this  constant  f luctuat ion.  

But  i f  you set  the  t raps ,  you get  a  feel ing for  the  populat ion.  I f  

you have diff icul ty  get t ing the specimens during a  cer ta in  par t  of  the  

year,  i t ' s  easier  to  t rap Xenopus in  spr ing.  You get  larger  numbers  in  

the  t raps .  But  in  a l l ,  those populat ions  appear  to  do very wel l .  

DR.  SKELLY:  I  spend a  lot  of  my t ime wearing rubber  pants  as  
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I 'm sure  some of  you do.  I  guess  what  I  was asking specif ical ly  is , 


based on what  you have done which is  look at  l i terature ,  publ ished 


l i terature  s tudies ,  and your  own s tudies  which seem to be,  maybe with 


some except ions,  going out  and sampling ei ther  over  a  short  in terval 


or  just  looking at  a  s tudy that  might  have gone in  just  once,  you 're 


declar ing something to  be a  robust  populat ion. 


I 'm a  populat ion demographer.  That  ra ises  antennae.  So what  

is  a  robust  populat ion.  And i f  that 's  jus t  sor t  of  a  vague descr ipter, 

I 'd  l ike  to  know that .  

DR. KENDALL:  Mr. Chairman? 

DR. ROBERTS:  Dr. Kendal l . 

DR.  KENDALL: I 'd  l ike  for  you to  te l l  us  what  you think is  a  

robust  populat ion.  No disrespect .  I  would l ike  for  you to  address  

that .  And then we wil l  respond.  

DR. KELLEY: Okay. Well ,  I  mean,  I  guess  going back to  the 

conceptual  model  that 's  been forwarded here ,  we 're  ul t imately t rying 

to  get  a t  viable  populat ions .  And I  guess  you could also def ine i t  

comparat ively.  You've gone out  and measured at razine-exposed s i tes  

and control  s i tes  and you could do comparisons as  wel l .  

What  I  was asking,  none of  that  information was presented 

when you ment ioned robust  populat ions.  I  d idn ' t  know whether  you 
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had col lected information that  you weren ' t  showing us .  

DR.  KENDALL: I  think that  point 's  wel l - taken.  Dr.  Ernest  

Smith would l ike to  respond.  

DR. SMITH: We are  responsible  for  the Iowa s tudy. We have 

not  done mark and recapture .  But  based on the prof i le  over  our  f i rs t  

year,  which was real ly  a  pi lot  s tudy,  we observed a  s ignif icant  change 

in  the number  of  juveni les  as  we sampled during the la te  spr ing,  

ear ly- la te  summer,  and ear ly  fa l l .  And as  a  resul t  of  that ,  I  th ink from 

that  s tandpoint ,  I  would say there  is  an evidence of  reproduct ion,  

evidence,  indicat ion of  juveni le  metamorphosis ,  d i fferences  in  that  

increases  as  you sample.  

So we're  back into the same s i te  for  a  second year. And I  think 

we ' l l  have a  bet ter  feel  for  what  is  a  robust  populat ion re la t ive to  las t  

year 's . But  a t  th is  point ,  I  th ink there  is  enough indicat ion there  f rom 

the numbers  that  we have captured and released back into  those s i tes .  

DR. KENDALL:  Dr. Gross . 

DR.  GROSS: We've been coordinat ing and looking at  the  cane 

toad which was summarized in  the previous presentat ion in  South 

Flor ida.  And at  least  in  our  s tudies  on the sugar  cane s i tes ,  we see 

populat ions  we consider  robust ,  to  answer  you quest ion in  par t ,  due to  

the  fact  that  we see a l l  age c lasses  present  within the group that  we 're 
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looking at .  We're  able  to  col lect  several  hundred animals ,  actual ly,


on those s i tes  within a  couple  of  hours  t ime frame represent ing al l 


these age classes  as  compared to  control  or  reference s i tes  where i t 


would usual ly  take us  weeks to  col lect  s imilar  numbers  i f  even 


possible  to  col lect  those numbers . 


We've also been able  in  data  you haven ' t  seen demonstrate  that  

there  are  tadpoles  on those par t icular  s i tes ,  egg masses ,  and so on.  So 

reproduct ion is  obviously occurr ing on those par t icular  s i tes .  And we 

consider  them to be fa i r ly  robust  for  those reasons.  

DR. ROBERTS: Did you have a  fol low-up,  Dr.  Skel ly? 

DR. SKELLY:  I 'm done.  

DR. SOLOMON:  Just an addi t ional comment on the South 

Afr ica  s tudies .  We obtained est imates  of  the  tota l  populat ion s ize  

based on the mark and recapture .  And these were not  inconsis tent  

with  the s izes  of  the  s i tes .  The smal ler  s i tes  had smal ler  populat ions .  

The larger  s i tes  had. . .  So i f  one thinks that  a  s i te  may have a  cer ta in  

carrying capaci ty,  i t  was consis tent  with  what  we saw there  except  for  

the  cases  of  introduced predators ,  which would obviously affect  

numbers  for  different  reasons.  

DR. ROBERTS:  Dr. Green then Dr. LeBlanc, Dr. Richards , Dr. 

Gibbs,  Dr.  Kloas,  and Dr.  Kel ley. 
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DR. GREEN: I  think you just  answered par t  of  my quest ion 

about  the  viabi l i ty  of  the  eggs produced by these females  on s i tes  

where a t razine contaminat ion is  known and the viabi l i ty  of  the  sperm 

from the male ,  and are  the eggs able  to  be fer t i l ized.  Apparent ly  so i f  

you say there  are  heal thy populat ions .  

I t  came to  my at tent ion here  when you were present ing some of  

your  data  in  the core  presentat ion,  the  Hayes and Hecker  s tudies ,  

where you ci ted ovar ian morphology in  f rogs and other  species  was 

normal .  And these were laboratory frogs;  correct?  So I  was 

wondering i f  anyone from the panel  had extended those s tudies  to  

actual ly  i f  those eggs were fer t i l izable  because,  in  my experience in  

the laboratory,  a  good heal thy looking egg may not  yie ld  the kind of  

data  you 're  looking for.  I t ' s  not  viable  even though i t  appears  to  be so 

by physical  character is t ics .  

DR.  GIESY:  I  knew you had assembled a  super  panel ,  Steve;  

but  these quest ions  are  great .  

Once again,  we couldn ' t  agree more.  We've thought  about  that .  

We've even got ten to  the point  of  designing some s tudies ,  both ex 

vivo type s tudies  and I  th ink that  i t ' s  very appropria te  to  do that  kind 

of  a  grow-out  s tudy. So both ways that  I  heard suggested ear l ier  

today in  discussion,  I  th ink,  have some  meri t .  I  th ink the EPA 
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suggested,  and I  think Professor  Kel ley might  have ment ioned,  maybe 


ex vivo approaches to  t ry  to  get  a t  that  in  a  s taged way.  I  th ink that 's


a good thing to  do.  But  the def ini t ive  s tudy is  that  grow-out  s tudy. 


Absolutely. And I  think the way the EPA has proposed to  s tage that 


and work through i t  has  some  meri t . 


But I  would add the caveat  that  I 'm not  completely  comfortable  

with  the decis ion t ree  of  saying i f  we don ' t  see  tes t icular  oocytes ,  for  

ins tance,  or  some other  his tological  response,  that  the  decis ion would 

be to  not  do that  s tudy. I  personal ly  am not  par t icular ly  comfortable  

with  that .  I  th ink i t  i s  a  very important  thing to  do.  

DR. ROBERTS:  Dr. LeBlanc. 

DR. LEBLANC: When discussing tes t icular  oocytes ,  Dr.  Van 

Der  Kraak commented that  the  phenomenon seems to  be re la t ively 

common at  least  in  the  experiments  unrelated to  a t razine.  None the 

less ,  i f  we look at  the  f igure ,  and I 'm referr ing to  the f igure  t i t led,  

Test icular  Oocytes  in  Grow-Out  Xenopus by Hecker,  i t  cer ta inly a t  

face value i t  appears  that  tes t icular  oocytes  are  regulated by hormones 

that  negat ively regulated by DHT and posi t ively regulated by 

es t radiol  perhaps.  

What I was quest ioning is as re la ted to a t razine we see what 

appears  to  be a  greater  than two-fold increase in  tes t icular  oocytes  



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

166


with .1  microgram per  l i ter  a t razine.  There 's  no error  there  to 


indicate  the  level  of  var iabi l i ty  and there 's  an indicat ion that  i t ' s  not  a 


s ignif icant  increase. 


But my quest ion is ,  and I  recognize that  we as  toxicologis ts  

would be very uncomfortable  looking at  dose-response curves  that  

don ' t  conform to a  monatonic  response.  But  was any considerat ion 

given to  the  fact  that  th is  might  be real  increase in  that  the  inabi l i ty  

to  detect  a  s ignif icant  increase ref lects  the  s ta t is t ical  design or  design 

of  the  experiment?  

DR. ROBERTS: Before  you respond,  can we get  the par t icular  

f igure? Is  th is  the  one? Okay. 

DR. GIESY:  I 'm not  qui te  with  you.  Can you repeat  i t  again,  

please?  I 've  got  the  picture  now. 

DR. LEBLANC: Okay. So now we're  looking at  - -  wel l ,  f i rs t  i f  

we look at  the  bot tom, would you concur  that  tes t icular  oocytes  are  

regulated by hormones?  I t 's  hard to  make judgements  here  because we 

don ' t  see  what  the  error  is  associated with  these values .  But  - -

DR. GIESY:  This  is  one of  our  s tudies .  In  the report  that  you 

have,  the  means,  medians,  ranges ,  and al l  of  the  s ta t is t ics  for  this  

data .  So that 's  maybe what  you want  to  look at ,  Gerry,  to  get  the  

specif ics .  
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The one problem is  sample s izes  are  fa i r ly  smal l  re la t ive  to  the  

incidences  that  we 're  seeing.  So I 'm not  sure  we can draw much 

conclusion.  What  I  can say is  based on this ,  a t  least  wi th  a t razine,  i t  

doesn ' t  look l ike  a  very robust  response.  I t ' s  not  a  huge response.  

Whether  es t radiol  affects  this ,  I 'm s t i l l  open on that .  I  th ink i t  

potent ia l ly  can.  That 's  why I 'm concerned about  some of  the 

c i rculat ing plasma concentrat ions  and some of  the  regression 

rela t ionships  we did see f rom the South Afr ica  s tudy. So that 's  why I  

wouldn ' t  necessar i ly  focus only on the tes t icular  oocytes .  

But  the  problem here  is  I  th ink the sample s izes  are  fa i r ly  low 

and the incidences  are  low.  And that 's  what  leads  to  not  being able  to  

show a s ta t is t ical  di fference.  So in  planning,  i f  the  EPA moves ahead 

and has  this  s tudy repeated,  they can look at  th is  data  as  a  way to  do 

their  power analysis  to  f igure  out  exact ly  what  s ize  they need.  But  

they 're  going to  be very,  very substant ia l  sample s izes  you 're  going to  

need to  show a difference.  

DR. ROBERTS: Dr.  Richards,  then Drs .  Gibbs,  Kloas,  and 

Kel ley. 

DR. RICHARDS:  I 'm interested in the South Afr ica f ie ld 

s tudies .  And i t  probably re la tes  to  other  f ie ld  s tudies  a lso.  

DR. ROBERTS: Dr.  Richards,  can you get  the mike? 
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DR. RICHARDS:  I 'm sorry.  I 'm interested in the South Afr ica 

f ie ld  s tudies .  But  this  re la tes  to  other  f ie ld  s tudies  in  general .  

With essent ia l ly  e ight  data  points ,  I  wonder,  i t ' s  cer ta inly  

cr i t ical  to  have some confidence in  the degree of  exposure that  we 

think the animals  were exposed to .  And my quest ion is  sor t  of  general  

in  that  how wel l  do you think you 've character ized i t  in  the way you 

port ray the data ,  four-week-mean concentrat ion.  I  can ' t  remember  

exact ly  your  procedure or  how frequent ly  you measured.  Certa inly, 

wi th  hydrologic  events  very dramatical ly  inf luence concentrat ions  of  

a t razine.  I  jus t  wonder  how wel l  do you think this  por t rays  what  they 

were exposed to? 

DR. DU PREEZ: What  you have to  take in  mind is  over  one 

f ie ld  use season we measured at razine and other  t r iazine 

concentrat ions .  But  that  is  not  the  concentrat ion that  that  specif ic  

animal  was exposed to  during i ts  development .  That  specimen might  

be four,  f ive,  s ix  years  old.  And we don ' t  know what  those at razine or  

t r iazine concentrat ions  were f ive,  s ix  years  ago.  

But  f rom what  we 've seen in  the specif ic  season,  i t  was a  season 

with a  very high rainfal l .  And we would hypothesize  that  those 

animals  were exposed to  probably much higher  a t razine 

concentrat ions  than was recorded in  the specif ic  season.  The answer  
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i s  we don ' t  know what  those animals  were exposed to . 


DR. SOLOMON:  Could I jus t add a comment to that? 

In  designing the experiment ,  we real ized we couldn ' t  go back in  

t ime and measure  pr ior  a t razine concentrat ions .  We did have 

his tor ical  data  f rom theses  and other  sources  that  showed the presence 

of  a t razine a t  re la t ively high concentrat ions  in  surface waters  in  that  

area .  So we real ized that  they could be qui te  large.  

The season,  as  I  sa id  to  somebody ear l ier  today,  i f  I  could have 

predicted that  ra infal l ,  I  would have sold my shares  in  Enron.  But  I 'm 

not  that  good.  

I t  was interest ing,  though,  that  in  high ra infal l ,  i t ' s  d i lute .  But  

we did measure  concentrat ions  every week during the appl icat ion 

season because not  a l l  the  f ie lds  are  t reated on exact ly  the  same day. 

And then every two weeks af ter  that .  So we have a  fa i r ly  good 

temporal  exposure regimen.  And for  the  purposes  of  the  assessing the 

effects  on hormones and aromatase,  we decided to  use the 

concentrat ions  in  the  four-week per iod pr ior  to  the  capture  and 

sampling of  the  animals  because we suspected --  or  expected ra ther  - -

that  these kinds of  responses  would be re la ted more to  recent  

exposure than previous exposure.  

And,  of  course ,  the  metamorphose that  we col lected in  the s tudy 
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year,  were exposed to  the concentrat ions  that  we measured.  So we 

know what  they were exposed to .  And we also know what  their  

responses  were in  terms of  gonadal  responses ,  environmental  

toxicology cetera .  So I  think we have a  good handle  on both temporal  

exposures  and for  the  s i te  exposures  as  wel l .  

But  then as  Dr.  Du Preez pointed out ,  we know that  they were 

probably exposed ear l ier ;  but  we don ' t  know to what  concentrat ion or  

that  we theorize  that  i t  may be greater. 

DR. DU PREEZ: If  I  might  add another  comment .  What  we 've 

observed is  a  def ini te  peak in  a t razine direct ly  af ter  the  appl icat ion.  

That  would be from December,  January,  February we observed a  peak.  

But  the Xenopus s tar ted breeding end of  September.  So those f i rs t  

couple  of  months ,  Xenopus would breed in  fa i r ly  low atrazine 

concentrat ions .  And then those that  spawned af ter  December,  would 

be exposed to  higher  concentrat ions .  So that  is  making this  whole  

interpretat ion of  the  f ie ld  use of  the  f ie ld  data  even more complicated.  

DR. KENDALL:  Dr. Bob Si lken. 

DR.  SILKEN: Bob Si lken,  s ta t is t ic ian-consul tant  to  the Panel .  

Given that  you didn ' t  have exposure concentrat ion information 

over  the  ent i re  prof i le  of  the  animals  l i fe ,  a l though you did have a  

pret ty  good handle  on what  i t  was in  the recent  past ,  and also in  
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keeping with Dr.  Giesy 's  comments  ear l ier  that  even though you may 

have some concentrat ion of  a t razine in  the  control  s i tes  or  the  

reference s i tes ,  that  doesn ' t  e l iminate  making some use of  the  data .  

We not  only did comparisons between non-corn-growing s i tes  and 

corn-growing s i tes ,  but  we also took what  concentrat ion information 

was there  and compared the s i tes  with  the four  lowest  a t razine 

concentrat ions  with  the four  highest .  And they were fa i r ly  divided.  

We also did the separat ion for  anything below one and anything 

above two and compared the f ive s i tes  that  were below one with the 

three s i tes  that  were above two.  So that  even though you didn ' t  have 

exact ,  precise  exposure  concentrat ion,  you could s t i l l  do comparisons 

a t  di fferent  levels  of  exposures .  And the comparisons were 

reasonably consis tent  across .  No matter  how you grouped them, 

reference,  low,  low three,  low f ive,  low four,  the  analyses  came out  

pret ty  much the same. 

DR. RICHARDS:  One fol low-up? 

DR. ROBERTS:  Sure . 

DR.  RICHARDS: I 'm just  cur ious about  the biology of  this  

creature .  I  know in the mid-west ,  sometimes when I 'm sampling Rana 

species ,  when I  get  a  heavy rainfal l ,  there 's  water  everywhere and 

there  are  Rana everywhere,  moving around between ponds.  That 's 
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probably par t  of  their  metapopulat ion dynamics  and so for th . 


Does this  occur  during high f lows with this  species  in  South 

Afr ica? 

DR. DU PREEZ: Yes.  Xenopus has  been wel l -documented to  

migrate  and sometimes en mass .  Sometimes you f ind mass  

migrat ions .  What  we did in  this  s tudy is  we t r ied to  determine,  was 

there  any migrat ions.  And what  I  did  was to  brand specimens from  a 

specif ic  pond with a  digi ta l  number  corresponding to  the s i te  number. 

And we did not  observe any migrat ions during our  s tudy. But ,  yes ,  

they do migrate .  

DR. ROBERTS:  Dr. Gibbs. 

DR.  GIBBS: Yes.  In  your  presentat ions,  there  were repeated 

presentat ions  of  negat ive resul ts .  I  had ant ic ipated more of  a  

considerat ion of  a  power of  tes ts .  And I 'm just  cur ious par t icular ly  

with  the f ie ld  s tudies .  And I 'm just  cur ious how widespread power 

analyses  were in  your  analyses  both perhaps post  hoc or  a  pr ior. 

DR. KENDALL: Good quest ion.  Bob Si lken.  

DR.  SILKEN: I  guess  I 'm not  going to  get  to  s i t  over  there .  

Yes,  we did t ry  and do power analyses  before  we went  into  the tes ts .  

And,  of  course ,  the  power analyses  var ied in  requirements  depending 

upon whether  i t  was a  lab s tudy,  a  f ie ld  s tudy,  or  what  endpoint  for  
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the  obvious reasons about  the  difference in  var iabi l i ty.


For example,  in  Dr.  Carr 's  lab s tudy,  we found that  we 

def ini te ly  a t  least  e ight  tanks because we fel t  the  tank effects  were 

going to  be a  s t rong factor. We went  with  11 tanks in  order  to  

maximize the power,  given that  11 tanks t imes the number  of  

t reatments  was a  many tanks as  they could work with,  that  they had 

room. So power was in  there .  

We also did power calculat ions  as  far  as  the  numbers  per  tank 

which may have led to  some overcrowding.  Blame i t  on the 

s ta t is t ic ian who wanted bigger  numbers .  Al though we found the 

number  of  tanks were much more important  than number  of  animals  

per  tank.  

When we did the power analyses ,  for  example,  for  Dr.  Carr 's 

s tudy,  we did look at  the  high degree of  correla t ion within a  tank.  

And we looked at  what  the power would be i f  we effect ively had one 

animal  per  tank.  Even though we put  30 in  there ,  i f  they effect ively 

a l l  behaved the same,  what  would the power be i f  we had one animal  

per  tank.  And i t  ranged in  his  s tudy from something l ike 70 power to  

detect  the  types  of  depar tures  that  were being ta lked about .  A power 

in  the range of  70 to  98 percent .  

I f  we had four  animals  per  tank,  for  a l l  the  types  of  changes,  the  
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powers  went  up to  99 percent .  So we did look at  power. 

We looked at  powers  a lso in  the f ie ld  s tudy. And,  again,  the  

var iabi l i ty  there  makes i t  such that  the  powers  would be less .  We 

would s t rongly encourage that  i f  you 're  going to  do f ie ld  s tudies ,  that  

the  s i te- to-s i te  var iabi l i ty  probably dominates  everything else .  And 

that  that  means that  you need a  large number  of  s i tes ,  both control  

s i tes  and t reatment  s i tes  because the var iabi l i ty  in  the  controls  is  huge 

as  wel l .  And two or  three control  s i tes  is  not  enough.  

So we were looking heavi ly  a t  power. What  e lse  do you want  to  

know? 

DR. GIBBS: You've considered i t .  Did you do any post  hoc 

analyses?  Or perhaps you 're  opposed to  those of  what  sor ts  of  effects  

you could have detected given your  f inal  sampling design.  

DR. SILKEN: They ranged from kind of  a  post  hoc analysis  

gives  you bet ter  es t imates  of  var ia t ion.  You can go back and ask the 

quest ion of ,  g iven those var ia t ions ,  what  could you have detected.  

And we found,  for  example,  for  laryngeal  muscle  that  we had plenty 

of  power. That  was not  an issue.  

We found that  for  aromatase and some of  the hormones,  you 're  

going to  need an awful ly  big s tudy unless  you real ly  want  - -  unless  

you only want  to  detect  real ly  big differences .  Kind of  looking at  the  
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s l ide  that  you al l  were  looking at  up there  ear l ier  about  the  different 


effects  of  a t razine at  .1 ,  1 ,  10 and 25,  you had power to  detect  big 


differences  re la t ively easi ly. And i f  b ig  differences  were a l l  that 


were ecological ly  re levant ,  then you have plenty of  power. I f  you 


wanted to  get  down and say I  real ly  wanted to  f ine tune this  and be 


able  to  different ia te  between a  3  percent  response and 4 percent 


response,  we didn ' t  have that  much power.


But you sor t  of  want  a  t rade off  between what 's  ecological ly  

re levant  and how-big-can-you-make-i t  type thing.  

DR. ROBERTS:  Dr. Kloas and then Dr. Kel ley. 

DR. SOLOMON: Could I  just  add something to  the comment? 

In  designing the South Afr ica  s tudies ,  we s tar ted those in  2001.  

And at  that  t ime,  our  ini t ia l  in teres t  was laryngeal  di la tor  muscle .  

And there  was an ongoing s tudy in  the lab at  the  t ime,  and that  was 

the effect  we were interested in .  With that  in  mind,  we chose the best  

possible  s i tuat ions.  We wanted to  f ind reference ponds where we 

could detect  no at razine a t  the  t ime of  the  s tudy which was the season 

before  we s tar ted.  And we also wanted to  have a  reasonable  number  

of  ponds within reasonable  operat ing dis tance of  the  univers i ty  as  we 

didn ' t  want  f rogs dying in  the f ie ld  because we couldn ' t  col lect  and 

empty the t raps  fas t  enough.  So a  lot  of  logis t ical  problems 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

176


associated with  get t ing real ly  large sample s izes .  We couldn ' t  go very 


far  a  f ie ld  for  pract ical ,  logis t ical  reasons. 


DR. SILKEN: Let  me just  add one other  comment .  One thing 

that  we discovered in  looking at  th is  data  re la t ively extensively is  

that  the  tank effects ,  both in  the f ie ld  s tudies  and in  the lab s tudies ,  

were such that  i f  you were to  pool  the  data  and ignore tank effects ,  

you get  yourself  in  some very unexpected t rouble .  

And,  in  fact ,  and I  know experimenters  do this  a l l  the  t ime.  

They ' l l  do a  tes t  to  see  whether  there 's  homogenei ty  among the tanks.  

And i f  i t  passes  an F tes t  or  another  tes t  for  homogenei ty,  then i t  

passes  the tes t  that  apparent ly  there  are  no tank effects .  So you pool  

a l l  the  data  together,  and then you do a  tes t  for,  say,  t reatment  

differences .  

We found that  when you do that ,  ins tead of  having a  5  percent  

error  ra te ,  you have between a  30 and 90 percent  error  ra te  when you 

fol low an F tes t  for  homogenei ty  with  then pool ing the data  and 

checking.  

So as  far  as  your  power is  concerned,  there 's  another  aspect ,  

too.  And that  is  the  tank effects  and whether  or  not  you pool  animals  

within tanks.  A very dangerous thing to  do.  So we encourage the 

Panel  not  to  do that  and to  do almost  a l l  of  their  analyses  on a  tank 
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basis .  

DR. ROBERTS:  Dr. Kloas , then Dr. Kel ley, Dr. Denver. 

DR.  KLOAS: I  appreciate  very much that  you ment ioned the 

hypothesis  of  possibi l i ty  of  ant i -androgenic  effects  of  a t razine.  I 

th ink why didn ' t  you go forward to  tes t  th is  hypothesis?  You s ta ted 

just  something about  androgen effects  but  not  about  ant i -androgenic  

effects .  

So for  instance,  I  would have l iked to  know something about  

effects  on 5-alpha reductase  or  the  re la t ionship between tes tosterone 

to  dehydrotestosterone because I  th ink we al l  are  aware that  

dehydrotestosterone is  much more power ful l ,  i t ' s  an androgen,  which 

is  leading to  mascul inizat ion.  And we have a  demascul inizat ion 

effect .  I  th ink this  could be a lso another  key enzyme or  another  key 

target  for  having adverse  effects  on demascul inizat ion.  

DR. ROBERTS: Did you want  to  respond? 

DR. VAN DER KRAAK: I  mean I  think the answer is  s imple.  I 

agree.  I  mean i t ' s  jus t  a  quest ion of  - -  we 've ta lked about  a  number  of  

potent ia l  exper iments .  We've not  got  there  yet .  And we' l l  cer ta inly  

cont inue to  consider  that .  And i f  that  wishes  to  be recommendat ion 

that  goes  forward by the SAP,  we and I 'm sure  others  would consider  

that  very ser iously. 
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DR. GIESY:  If  I  could respond.  Once again,  I  have to  

completely  agree.  We've thought  about  i t .  We've ta lked about  i t .  I 

have a  proposal  wri t ten to  do i t .  So I ,  obviously,  agree with  you that  

i t ' s  a  thing to  do.  But  i t ' s  jus t  a  mat ter  of  t ime,  how much t ime there  

was.  And also i t  was dr iven by t rying to  look at  what  was being 

publ ished in  the l i terature  and get  a  handle  on,  could we reproduce 

that ,  were those mechanisms of  act ion that  were being proposed 

plausible .  

So in  par t ,  i f  we could just  design experiments  ourselves  and 

not  be looking at  the  l i terature ,  cer ta inly,  we would have agreed with  

you and gone s t ra ight  ahead to  do that .  

DR. ROBERTS: Dr.  Kel ley then Dr.  Denver  and Dr.  Herr inga.  

DR.  KELLEY: So these are ,  once again,  quest ions about  the 

f ie ld  data .  From the mark and recapture  data  and from, of  course ,  you 

know the s ize  of  the ponds,  can you give me an est imate  of  how big 

the ponds were and how many frogs there  were in  each pond?  Were 

these high-densi ty  ponds?  Low densi ty  ponds? 

DR. DU PREEZ: I  would say medium to high densi ty. In  the 

report  that 's  been submit ted,  we gave the es t imate  surface area of  the  

ponds.  And they var ied from small  to  real ly  big ponds.  And the 

es t imated populat ions  that  we 've calculated corresponds very wel l  
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with the s ize  of  the pond. 


From  my personal  experience,  what  I  would regard as  a  good 

Xenopus pond would be a  pond with muddy water  because predat ion is  

that  much lower.  So some of  our  ponds were muddy,  muddy water. 

Some of  the other  ponds were c lear. 

DR.  KELLEY: So in  your  smalles t  pond,  how many frogs do 

you think you had? 

DR. DU PREEZ: The populat ion est imates  that  we did were 

very conservat ive.  But  they were in  excess  of  300 in  the smal les t  

pond.  And then a  couple  of  thousands would be in  the largest .  

DR.  KELLEY: Okay. In  the document  here ,  the  laboratory 

number  SA01A, Table  3 ,  you give the ages  of  male  and female f rogs 

col lected.  And yet  having only s tar ted in  2001,  this  can ' t  be  actual  

year ly  observat ions  because i t  goes  up to  an age of  e ight  unless  that 's 

e ight  months .  

DR.  DU PREEZ: Those age determinat ions were done through 

scol iot ic  chronology. So we did his tology,  sect ioning through a  toe 

and then by count ing the growth r ings  to  determine the age of  the  

frogs.  

DR.  KELLEY: So the e ight  on this  is  years?  

DR. DU PREEZ: Eight  years .  
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DR. KELLEY: Is  e ight  years .  Okay. 

Now my f inal  quest ion has  to  do with your  measurement  of  the 

es t radiol  levels  in  the two sets  of  ponds.  There  are  publ ished 

es t radiol  levels  for  laboratory reared animals .  And I  guess  my 

quest ion is  as  fol lows:  The es t radiol  levels  that  you have for  males  in  

this  s tudy --  I 'm now looking at  Figure 5 ,  page 29 of  138,  on the Eco 

Risk No.  MSU07 --  in  which your  measuring plasma estradiol  levels  

picagrams per  mil  in  male  and female  f rom both your  control  ponds 

and your  a t razine-sampling ponds.  My concern here  is  I  don ' t  th ink 

I 've  actual ly  seen such high es t radiol  levels  in  males .  Females ,  yes .  

But  males ,  no.  And I 'm wondering i f  there  might  not  be some other  

contaminant  in  the  ponds that  don ' t  have at razine that  could be 

account ing for  this .  

Both my s tudies  and Shapiro 's  and almost  anybody who looks at  

vi te l logenin induct ion fa i ls  to  see  very much,  i f  any,  es t radiol  in  adul t  

males .  And yet  you have levels  that  are  1 ,200 picagrams per  mil 

which is  way in  excess  of  the publ ished values .  

DR.  GIESY:  We did those measurements  in  our  laboratory 

using an ELISA technique.  They are  what  they are .  We've provided 

to  the panel  our  QAQC. But  we would be glad to  have people  look at  

i t .  And i f  there 's  a  problem, le t  us  know. 
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Relat ive to  other  contaminants ,  I  don ' t  know other  than what 's 

been measured.  And I  would defer  to  Dr.  Solomon to  ta lk  about  the 

other  measurements  that  were made.  But  I  don ' t  know of  anything 

that  might  cause that  in terference.  

DR.  KELLEY: But  the l i terature ,  people  looked at  this  qui te  

careful ly  because they were interested in  using induct ion of  the  

vi te l logenin gene as  an assay for  s teroid hormone control  of  

development .  And Shapiro,  a  number  of  years  ago,  pointed out  that  

there 's  th is  very interest ing memory phenomenon.  And he used male  

Xenopus because they had no induct ion of  vi te l logenin gene.  And he 

showed that  i f  they 'd  even once been exposed to  es t rogen,  the  second 

t ime they saw estrogen he got  a  very rapid,  very large response.  And 

he went  back and measured est rogen levels  dur ing development ,  and 

we 've measured them as  wel l .  Both of  us  fe l t  that  the  data  were 

consis tent  with  males  having almost  having no est rogen avai lable .  

And so to  see  an animal  with  c i rculat ing levels  that  aren ' t  any 

different  f rom females ,  they 're  ident ical ,  even at  the  end of  the  

breeding season and that  are  so high for  es t radiol ,  I  mean,  this  is  a  

huge level  for  es t radiol ,  makes one wonder  what 's  going on in  both 

sets  of  ponds.  

DR.  GIESY:  That 's  a  very good point .  We'd love to  be able  to  
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spl i t  samples  with  people  and make sure  the  resul ts  are  accurate .  

DR. ROBERTS:  Dr. Denver.  Dr. Solomon. 

DR. SOLOMON: Could I  jus t  address  the other  contaminants?  

The reference ponds were located in  a  tota l ly  different  

geological  area  where corn product ion was not  possible  just  because 

of  the  type of  soi ls .  There  were,  however,  cat t le  present  in  the 

system. And of  course ,  cat t le  do come and dr ink at  the  ponds.  So 

there  is  a  possibi l i ty  of  contaminat ion with  both ur ine and feces  in  

cat t le  which may resul t  in  presence of  animal  es t rogens in  the  system. 

But  whether  this  was causing any response,  we don ' t  know. 

The populat ions  in  those ponds in  terms of  age,  s ize ,  c lass ,  sex 

ra t ios ,  e t  cetera ,  were what  we would expect  them to be.  So whatever  

those numbers  are ,  they at  least  appeared to  us  to  not  be affect ing the 

populat ions .  

DR. ROBERTS:  Dr. Denver. 

DR.  DENVER: Yes.  My quest ion has  to  do with the laboratory 

s tudies .  And i t  goes  to  potent ia l  vehicle  effects .  And I  was 

wondering i f  the  group could comment  on that .  I 've  not iced that  there  

are  a  number  of  instances  of  e thanol  having an effect .  And I  think tht  

I  recal l  f rom reading the l i terature  that  you publ ished,  the  Carr  s tudy, 

that  the  a t razine was actual ly  not  dissolved in  e thanol ;  whereas  in  the  
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Hayes s tudy,  i t  was.  And I  wonder  i f  you 've considered possibly there 


being an interact ion effect  between atrazine and ethanol  that  might  be 


responsible  for  the  differences  between the laboratory s tudies  that 


we've seen today.


DR. CARR: We chose not  to  use e thanol  as  solvent  because 

a t razine soluble  in  water  up to  30 mil l igrams per  l i ter.  And there  was 

no reason to  use e thanol  as  a  solvent  for  our  s tudy because the 

concentrat ions  were low enough that  they could be dissolved in  an 

aqueous medium. 

In  terms of  addressing the differences  in  the  s tudy and 

hindsight ,  which we didn ' t  know before  going into the s tudy,  i t  might  

be important  to  look at  that .  And I  think there  is  in  some of  the  data  

evaluat ion records  concerns  about  using ethanol  as  a  potent ia l  solvent  

when i t ' s  not  necessary. 

And that 's  something that  would need to  be done.  We haven ' t 

done that .  

DR.  DENVER: On the graph that 's  there ,  there 's  c lear ly  the 

potent ia l  for  effects  of  e thanol  on some of  the  parameters  that  you 're  

looking at .  

DR.  GIESY:  I  would agree.  In  the report  that  we provided to  

you,  when we did our  s ta t is t ical  analyses ,  we compared to  the 
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appropria te  control .  So for  a t razine,  we control led to  water-only 


control .  And for  the  posi t ive  controls ,  the  DHT and est radiol ,  we 


compared to  the e thanol  control .  We can ' t  get  enough est radiol  or 


DHT into solut ion readi ly  to  do the s tudies  without  using the carr ier 


solvent .  So that 's  a  real  l imita t ion of  the  s tudy.


So we chose not  to  put  es t radiol  across  everything for  the  

reasons that  Dr.  Carr  pointed out .  So could that  lead to  a  difference 

in  resul ts  in  the  designs? I t  cer ta inly  could.  And I  th ink that 's  the  

kind of  thing that  might  led to  some of  the differences  that  you see 

among s tudies .  

DR.  SOLOMON: If  I  could just  add,  I  have a  comment .  We've 

done some s tudies  with  f ish exposed to  es t radiol  and effulents  

containing substances  that  are  supposed to  mimic es t radiol .  And 

we've had a  lot  of  problems with  e thanol  as  a  carr ier  solvent  in  terms 

of  mortal i ty  and lack of  growth in  the  controls  in  ful l  l i fe-cycle  

s tudies .  So we t ry  to  avoid i t  when we can.  But ,  obviously,  in  this  

s i tuat ion,  i t ' s  the  only way to  get  i t  in  so you minimize i t .  

But  I  did  a t  a  meet ing a  couple  of  weeks ago f ind out  that  

e thanol  is  a  good inducer  of  mixed-funct ion oxidizes  in  some 

organisms.  So i t  may be something worth fol lowing up there .  

DR. ROBERTS:  Dr. Herr inga then Dr. Green. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

185 

DR. HERRINGA: Bob Si lken 's  comments  on these inter- tank 

var iabi l i ty  in  some of  the  lab experiments ,  i t  prompts  another  thought  

that  I  had as  I  was reading these papers .  And that  re la tes  to  potent ia l  

genet ic  isolat ion,  genet ic  effects .  I  presume that  in  the  laboratory 

set t ing,  i t ' s  not  possibly c lear ly  in  the  pond-f ie ld  s tudies ,  that  genet ic  

isolat ion is  probably a  very real  phenomenon in  fact .  But  in  the lab 

s tudies ,  i s  i t  s tandard pract ice  to  spl i t  - -  I  want  to  say l i t ters .  I t ' s  not  

l i t ters  here  - -  but  whatever  the  egg pool  is .  And sometimes i t ' s  not  

even just  sor t  of  a  biological  s t ra in  you 're  using,  but  you 're  actual ly  

f ie ld-captur ing animals .  Do you have fer t i l ized and then randomize 

them between the control  and the dose levels?  

DR. CARR: In our  s tudies ,  yes ,  we mixed eggs between 

breeding pairs .  In  our  s tudies ,  we used f ive or  seven breeding pairs .  

The eggs were randomly selected and ass igned to  t reatment  tanks.  

DR. HERRINGA: If  I  may fol low up.  Dr.  Carr,  is  i t  your  

impression that  in  these s tudies  that  that 's  s tandard pract ice  or  would 

be s tandard pract ice  for  these types  of  s tudies?  

DR. CARR: I t  i s  in  our  s tandard operat ing procedure.  Again,  

there  are  no s tandardized and val idated tes ts  for  these chronic  

exposures .  I 'm t rying to  recal l  the  ASTM guidel ines  for  FTEC 

studies .  I  don ' t  know if  anybody remembers  off  the  top of  their  head 
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the  numbers  of  animals  to  be used in  those. 


But i t ' s  our  sense that  for  s ta t is t ical  purposes ,  i t ' s  bet ter  to  use  

mult iple  breeding pairs  than one breeding or  two breeding pairs .  

DR. ROBERTS:  Dr. Si lken. 

DR. SILKEN: To fol low up,  Steve,  the eggs were randomly 

spl i t  up among t reatment  groups in  the Michigan 's  MSUO3 study as  

wel l  as  wel l  as  they were in  Dr.  Carr 's  s tudy. 

DR. ROBERTS:  Dr. Green. 

DR. GREEN:  I jus t want to get a feel for the kind of a t razine 

exposure the f rogs in  the wild  might  have had.  And one way,  I  th ink 

i t  would help me to  do that  would be i f  you could te l l  me,  over  the 

t ime per iod preceding your  col lect ion of  the  new metamorphs and the 

young juveni les ,  could you te l l  me things l ike  what  was the average 

dai ly  temperature ,  what  was the average dai ly  ra infal l .  

And,  of  course ,  I 'd  be interest ing in  knowing the water  qual i ty  

parameters  of  the pond water,  for  example,  do you know what  the 

ammonia levels  got  to  a t  the  worst  and the best?  Then I  could gauge,  

you know, did they experience a  per iod of  drought  where a t razine 

might  be a t  i t s  highest  versus  ra infal l  where you 're  going to  have a  

di lute  run-off?  

DR. DU PREEZ: In this  s tudy,  we measured those couple  of  
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parameters  on a  weekly basis  and la ter  on bi-weekly. As we 've 

col lected water  samples ,  we measure  temperature .  We  measure  

dissolved oxygen.  We  measured conduct ivi ty,  pH.  And that 's  a l l  

been documented in  our  reports .  

DR.  SOLOMON: There was some addi t ional  water  qual i ty  

analyses  conducted and,  actual ly,  sediment  as  wel l  jus t  for  rout ine 

water  chemistry  parameters .  This  was done less  f requent ly  than the 

sampling measurements .  But  we 've character ized and other  

components  of  the  system. And that 's  a lso in  the reports .  

There  were differences  between the reference and the control  - -

I 'm sorry - -  the  reference and the exposed s i tes  in  terms of  some of  

the major  ions ,  calc ium, sodium and some of  those.  But  in  general ,  

there  didn ' t  seem to be any diff icul t ies  except  some of  the  e lements  

were re la t ively high in  concentrat ion.  But  the  analysis  was conducted 

on unfi l tered water  samples .  So we don ' t  know the speciat ion of  some 

of  the  metals  in  the  water  because i t  was tota l  e lement  analysis  ra ther  

than soluble .  Doing i t  again,  one might  look at  f i l tered water  or  look 

for  soluble  form rather  than suspended forms of  some of  the e lements .  

DR.  GREEN: If  I  could fol low up.  I  haven ' t  gone back to  pul l  

th is  information out  quickly. I f  you could summarize for  me,  was 

there  a  per iod of  heavy rainfal l  a t  some point  that  might  explain  low 
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levels  of  a t razine and no effect .  That 's  real ly  what  I 'm looking for.


Versus a  per iod of  drought  which. . . 


DR. DU PREEZ: During this  s tudy,  as  I 've  ment ioned ear ly  on,  

we 've had more than double  then annual  ra infal l .  So i t  was a  very wet  

season.  That 's  one point .  

Average,  minimum, maximum temperatures  was  spot-on  with  a 

10-year  mean.  So there  was no real ly  very cold or  very hot  per iods 

during this  s tudy. But  the  ra infal l  was double .  

DR. ROBERTS: Okay. I  have a  very quick quest ion.  Dr. 

Si lken,  I  saw him leap to  the table .  Did you have something you 

wanted to  throw in on this .  

DR.  SILKEN: I  just  wanted to  fol low up with Louis '  response 

that  the  ra infal l ,  d id  that  increase the concentrat ions  or  decrease 

them? 

DR. DU PREEZ: Increased the concentrat ion? 

DR. SILKEN:  Of a t razine. 

DR. DU PREEZ: No.  We had a  def ini te  di lut ion of  a t razine 

with  this  excessive ra infal ls .  But  a l l  these  craf ts  are  in  the  reports ,  

the  temperature ,  the  ra infal l ,  everything has  been reported.  

DR. SOLOMON: I  have a  comment  to  that .  Work done in  

re la t ion to  another  component  of  the  a t razine r isk assessment  
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extensive model ing done by Marty Wil l iams has  looked at  th is  issue 

of  ra infal l  and di lut ion in  ponds,  specif ical ly  to  t ry  and est imate  

concentrat ions  that  might  occur  in  ponds.  And he sees  in  his  models  

basical ly  the same thing as  i f  you have an out-f low to the pond,  which 

many models  interest ingly enough don ' t  have,  with  a  lot  of  ra infal l ,  

you actual ly  end up with lower  concentrat ions  than i f  you have 

moderate  ra infal l .  I f  you have no rainfal l ,  you get  not  runoffs  and no 

contaminat ion.  So highest  concentrat ions  would be in  moderate  

ra infal l  years ,  which preceded our  year  and have fol lowed our  year  of  

s tudy in  South Afr ica .  

DR. ROBERTS: My quick quest ion,  i t  was for  Dr.  Van Der  

Kraak.  I t ' s  jus t  a  c lar i f icat ion.  When you discussed your  causat ion 

cr i ter ia ,  one of  them was temporal i ty. And you made the s ta tement  

that  you didn ' t  th ink temporal i ty  was met  because of  the  pr ior  

exis tence of  some of  these phenomenon l ike tes t icular  oocytes .  Were 

you real ly  viewing that  in  a  qual i ta t ive  sense or  in  a  quant i ta t ive  

sense?  In  other  words. . .  

DR.  VAN DER KRAAK: That  was more in  a  qual i ta t ive sense.  

DR.  ROBERTS: That 's  what  I  thought .  I  jus t  wanted to  be 

c lear  on that  point .  

DR. VAN DER KRAAK: Yes.  
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DR. ROBERTS:  Dr. Kel ley. 

DR.  KELLEY: So le t  me fol low up on the tes t icular  oocytes .  

So in  other  publ ished work,  my unders tanding is  that  you can actual ly  

detect  the  tes t icular  oocytes  only when you ser ia l ly  sect ion through 

the tes tes  and then you see the occasional  oocyte;  r ight?  So maybe 

that 's  jus t  normal .  

But  in  the  25 picagrams per  l i ter  t reated at razine group in  the  

Carr,  e t  a l . ,  s tudy,  were there  f rank --  were there  tes tes  that  upon 

visual  inspect ion had tes t icular  par ts  and ovar ian par ts?  We're  not  

ta lking about  the  s t ray oocyte  but  were f rankly hermaphrodi t ic  

comparable  to  other  reports  in  the  l i tera ture .  

How did those tes tes  look real ly? 

DR. CARR: The animals  that  we looked at  in  our  s tudy,  were 

Stage 66.  99 percent  of  the  controls  were sexual ly  different ia ted.  

And in  our  s tudy,  i t  was very clear  to  see  animals  that  shared both 

male  and female  gonadal  character is t ics .  

The most  common f inding when we actual ly  did the his tology 

on the ones  that  were intersex at  the  gross  morph level  was that  we 

could detect  an ovar ian cavi ty,  for  example,  in  the  females  and cal l  i t  

a  female- l ike gonad.  But  most  cases  in  the males ,  the  gonads were 

smal ler.  And so i t  was more a  difference in  the shape and 
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organizat ion at  the  gross  level  that  we were report ing.  

Now, one of  the  features  we did see even in  the es t radiol  

exposures  were rostra l  deformit ies  that  resemble some of  the  things 

that  Chang and Witschi  had reported back in  the '50s .  We saw that  in  

both the es t radiol  and 25 par t  per  bi l l ion at razine group.  

Those weren ' t  ent i re ly  that  common.  In  fact ,  the  intersex --  and 

this  was another  point  I  was going to  br ing up --  was fa i r ly  rare .  

When we looked at  300 animals  in  the  23 par t  per  bi l l ion at razine 

group,  we saw i t  in  12.  So in  our  s tudy,  i t  was a  re la t ive low 

incidence.  But  they s tood out  fa i r ly  c lear ly. I t  was fa i r ly  easy to  

detect .  

DR.  KELLEY: So i f  I  could fol low up.  I  think the point  I  want  

to  make is  that  the  tes t icular,  having a  couple  oocytes  in  your  tes tes ,  

you know --  I  mean,  this  jus t  may be a  normal  thing,  nothing to  get  

exci ted about .  But  having a  gonad that  has  f rank ovarian par ts ,  I  

th ink might  be a  qual i ta t ively different  phenomenon.  

So the fact  that  there  might  have been oocytes  throughout  a l l  of  

the  l i terature  and the occasional  tes tes  wouldn ' t ,  actual ly,  I  don ' t 

th ink,  bear  on the quest ion of  intersex.  And the Panel  has  had 

informal  discussions about  how many Xenopus they 've opened up and 

how many intersex they 've ever  seen in  their  ent i re  l i fe .  And I  have 
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to  te l l  you,  I  have never  seen an intersex.  And I 'm sorry to  report , 


I 've  opened up thousands upon thousands of  Xenopus. 


Yes,  tes t icular  oddi t ies .  Sometimes only one tes t is .  But  a  

gonad that 's  hermaphrodi t ic?  Un-huh.  At  least  not  in  normal  adul t  

lab populat ions .  

DR.  CARR: We've never  seen anything that  was grossly 

hermaphrodi t ic  in  our  a t razine animals .  The intersex we used as ,  in  

terms of  the  terminology,  was to  mean that  we couldn ' t  ident i fy  i t  as  

male  or  female  a t  the  gross  level .  We did not  f ind tes t icular  oocytes  

in  our  intersex animals .  

DR.  KELLEY: Again,  I  guess  I  suggest  we ' re  going to  have to  

go forward and grow these animals  up.  

DR. CARR:  Absolutely. 

DR.  KELLEY: Because i t  may be a  phenomenon that  becomes 

more obvious as  the  animals  get  older. 

DR. ROBERTS:  Dr. Matsumura and then Dr. Coats . 

DR.  MATSUMURA: I  was just  wondering what  the mechanisms 

which can create  these kinds of  effects  i f  there  is  effect .  I  th ink you 

went  pret ty  descr ibing the major  hypothesis .  And you didn ' t  ment ion 

anything about  the LH or  prolact in  or  gondal t ropins .  Did you do any 

experiment ,  or  were you just  guessing? 
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DR. VAN DER KRAAK: I  apologize.  We were ta lking between 

us  a t  the  beginning of  your  quest ion.  

DR. MATSUMURA:  Well , of course , we must get some 

mechanis t ic  information.  And you ment ioned about  the  

hypothalamus,  pi tui tary,  LH,  FSH; and you didn ' t  say anything about  

data .  

DR. VAN DER KRAAK: Correct .  And I  think there  are  a  

couple  of  responses  to  your  quest ion.  The f i rs t  one is ,  in  formulat ing 

the quest ions  that  were ra ised in  the White  Paper,  we did go into  a  

discussion about  the  possibi l i ty  of  looking at  aspects  of  var ious 

hypothalamic hormones,  LH,  FSH, and the l ike.  The quest ion there  

becomes one of  what  hypothesis  is  one expect ing to  be tes t ing.  And 

then we've got  some specif ic  quest ions  that  we need to  do some 

addi t ional  biological  detect ive work in  terms of  i f  the  quest ion is  

re la ted sexual  different ia t ion,  is  there ,  in  fact ,  s ignif icant  expression 

of  LH and FSH genes a t  that  t ime in  development  and whether  i t ' s  a  

viable  hypothesis  to  tes t .  

We've ident i f ied,  again,  as  a  pr ior i ty  - -  pardon me. We've 

ident i f ied i t  as  a  potent ia l  quest ion,  but  we 've cer ta inly not  gone 

there .  I  know Dr.  Giesy has  ta lked about  i t  extensively in  our  panel  

meet ings,  and we al l  agree.  I t ' s  a  quest ion,  again,  of  t ime and effor t .  
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In terms of  are  there  other  hypotheses  that  are  out  there  that  

one could tes t?  Sure.  I  th ink the number  of  hypotheses  that  one could 

generate  are  not  endless ,  but  there  are  large numbers  of  those that  i t  

could be.  I  mean there  a  number  of  genes  that  are  turned on during 

sex different ia t ion.  We could go systematical ly  and look at  the  

expression of  every one of  those genes.  Or  we could take a  molecular  

approach to  t ry  to  evaluate  those.  But  I  th ink the approach that  we 've 

a t tempted to  adopt  was,  on the one hand,  le t 's  look at  some of  the 

obvious candidates .  And then number  two,  i f  we have evidence of  a  

f rank effect  that 's  reproducible  and robust ,  then le t 's  go back in  and 

do those directed,  mechanis t ic  s tudies  a t  that  point  in  t ime.  

Otherwise,  i t  tends to  be a  l i t t le  bi t  of  a  f ishing expedi t ion.  

DR.  MATSUMURA: I  understand.  I t ' s  pr ior i ty. This  is  one 

mammalian people  have real ly  found an effect .  Sos there 's  no 

quest ion that  the  Long-Evans ra ts ,  th is  is  a  major  f inding.  So that 's 

why. 

DR. ROBERTS:  Dr. Giesy. 

DR.  GIESY:  Well ,  as  usual ,  Professor  Matsumura,  you 're  very 

percept ive.  We've cer ta inly thought  about  that .  We've looked at  the  

mammalian l i terature  and actual ly  think that  is  an area  we need to  

look at .  
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Now, what I have to do is put things into perspect ive.  We have 

real ly  two ends.  One,  i f  we know a mechanism of  act ion,  then we can 

look at  the  response that  we would expect  to  f ind and use that  as  our  

measurement  endpoint  and we can put  that  in to  perspect ive re la t ive to  

environmental  r isk  assessment .  Or  we can choose the endpoint  that  

we think is  important  and t ry  to  work back and see i f  there 's  a  

plausible  mechanism. 

Where I  see  us  now is  we 're  in  the middle .  We don ' t  know what  

endpoint  we need to  look at  because we don ' t  know the cr i t ical  

mechanism of  act ion.  And i f  we did,  then that  would be bet ter.  But  

what  EPA is  saying in  their  White  Paper  is  that  we 're  not  going to  

look into those mechanisms of  act ion unt i l  we have looked at  a  couple  

par t icular  endpoints .  

I think I speak for the panel when we would say, wel l , there 

may be other  cr i t ical  mechanisms of  act ion.  We've looked at  

aromatase a  lot .  A lot  of  that  proposed mechanism of  act ion is  based 

on work that  was done in  my laboratory.  We've looked at  that .  And at  

this  point  in  t ime,  we could give you some suggest ions on how you 

could fur ther  tes t  that  specif ic  hypothesis .  But  a t  th is  point  in  t ime,  

my feel ing is  i t ' s  more eff ic ient  to  look other  places .  And so we 've 

ident i f ied the hypothalamus and pi tui tary. Hypothalamic pi tui tary 
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axis  is  a  key place to  look.  

Now how do you look at  i t?  Well ,  you have two choices .  One,  

you could look for  specif ic  responses .  And we've developed a  

prel iminary proposal  to  do that .  Or  as  Professor  Van Der  Kraak 

indicated,  you could look for  more general  responses .  And some work 

he 's  done in  his  laboratory using things l ike  different ia l  d isplay,  are  

useful  techniques that  we could ask the quest ion,  is  anything change 

in  that  axis  and work from that  posi t ion.  So that 's  another  idea you 

might  think about .  

But  we couldn ' t  agree more.  I  don ' t  th ink at  th is  point  in  t ime 

we can key in  on any one specif ic  mode of  act ion.  Absolutely. 

DR. ROBERTS: Dr.  Coats .  Oh,  Dr.  Solomon,  did you want  to  

respond also? 

DR. SOLOMON: Just  to  fol low up.  And,  Fumio,  thank you.  

The effects  in  the Sprague-Dawley rat  were reproducible  and 

consis tent  a t  d i fferent  t imes,  di fferent  labs ,  e t  cetera .  Once the 

mechanism was unders tood in  the fact  that  i t  was specif ic  to  

Sprague-Dawleys that ,  I  th ink,  was very helpful .  I  was a t  the  SAP 

here  in  Crystal  Ci ty  a  few years  ago to  l is ten to  that  discussion,  so i t  

was very interest ing to  see  i t  being used in  a  r isk  assessment  context .  

But  we haven ' t  yet ,  a t  least  in  our  own hands,  been able  to  get  a  
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reproducible  robust  response that  we can use to  t rack back to  a  

potent ia l  mechanism.  Given that ,  obviously,  we would love to  do i t .  

DR. ROBERTS:  Dr. Coats and then Dr. Isom. 

DR. COATS: In  the f ie ld  s tudies ,  I  guess  i t  was par t icular ly  in  

the South Afr ican one,  there  are  qui te  a  few other  t r iazine or  

metabol i tes  note  there .  I  was cur ious  about  the  water  levels  that  are  

reported.  Are they f i l tered samples  or  unfi l tered? And are  there  

sediment  values ,  and do you think those would be important  or  not?  

DR. DU PREEZ: If  you 're  referr ing to  i f  they 're  f i l tered or  not ,  

you 're  referr ing to  the weekly sampling of  the  water?  

DR. COATS:  The water, yes . 

DR. DU PREEZ: No.  Well ,  I 'm not  - -  I  wasn ' t  involved in  

those analyses .  But  to  the best  of  my knowledge,  they were not  

f i l tered.  

DR. SOLOMON: The analyses  were done by Piet  Johnson from 

Rensburg at  the  Potchefs t room Univers i ty  using GC mass spec.  And 

he used SPE car t r idges  and l iquid- l iquid extract ion using both 

methods to  confirm.  And then he used unfi l tered water.  But  i t  was 

f i l tered through the SPE car t r idges  which were then eluted.  So 

anything that  was t rapped on a  sol id ,  would have been extracted.  And 

then the l iquid- l iquid were extracted from the direct  water  samples ,  
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no f i l t ra t ion.  

Sediments  samples  were looked at  and no pest ic ides  were 

detected in  the sediment  samples .  Given the KD-binding constance of  

a t razine which is  re la t ively water  soluble ,  that 's  consis tent  with  what  

we would expect ,  that  nothing was present  in  the sediments .  

DR. COATS:  Thanks. 

DR. ROBERTS:  Dr. Isom. 

DR. ISOM: Dr.  Giesy,  I 'd  l ike to  fol low up on your  comment  

you just  made a  few moments  ago about  aromatase.  The EPA is  

proposing that  that  wi l l  be  the second t ier,  that  is ,  i f  we can pass  the  

f i rs t  t ier,  to  s tar t  to  look at  that .  And you made the comment  that  

perhaps - -  I ' l l  paraphrase you that  perhaps we 're  looking in  the wrong 

direct ion.  

Yet  i f  you look at  the  l i terature  Sanderson 's  group has  shown in  

human cel ls ,  tumor l ines ,  that  i t  a t razine induces  aromatase.  And I  

think at  higher  concentrat ions  perhaps even inhibi ts  so  that  you can 

get  that  inver ted U-shaped dose response curve.  

I 'd  l ike  to  have you fol low up on that  comment  then and any 

other  s tudies  that  you have done,  could you descr ibe those with  that  

enzyme? 

DR. GIESY:  Absolutely. Well ,  yeah,  I 'm an author  on those 
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papers ;  so  I  do know about  them. I  th ink i t ' s  important  maybe to 


explain a  couple  things about  how those s tudies  were done and why 


they were done and I ' l l  do that . 


But le t  me answer  your  quest ion very specif ical ly. I  th ink what  

I  meant  was,  i f  we look at  aromatase,  i f  there  are  open issues  there ,  I  

th ink we need to  take a  fundamental ly  different  approach than we 've 

taken previously. Not  to  dismiss  i t  ent i re ly.  But  i f  we do go ahead 

with that ,  and I  do agree with  EPA that  i t  shouldn ' t  be  f i rs t  t ier.  But  

i f  we go ahead with i t ,  I  th ink we have to  do i t  in  a  way that  we look 

in  specif ic  t issues .  And we can do that  by QRTPCR. 

In  our  laboratory,  we 've now developed a  molecular  beacons to  

do that .  So we can do the quant i ta t ive PCR. I  think i t  would be 

important  i f  we fol low that  mechanism up that  we do i t  through the 

developmental  s tages  where we know there  are  changes in  aromatase 

expression and we do i t  in  a  t issue-specif ic  way. 

Firs t  of  a l l ,  my comments  were not  to  just  look in  a  gross  way 

because I  don ' t  th ink we ' l l  see .  So I  th ink i t  i s  s tage-dependent  and 

i t ' s  t i ssue specif ic .  So i f  we do go that  way,  that 's  what  we need to  

do.  

But  a t  the  same t ime,  based on the l i terature  we do know, i t  

would be appropria te  a t  the  same t ime to  look at  other  plausible  
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mechanisms. And one of  the  other  plausible  mechanisms is  through 


the  hypothalamic pi tui tary gonadal  axis .  I  th ink we 've got  enough 


evidence as  Professor  Matsumura point  out  to  not  completely  dismiss 


that . 


Why do I  say that?  Because,  in  fact ,  I  th ink some of  the  effects  

that  we do observe are  more consis tent  re la t ive to  what  can be caused 

through that  mechanism of  act ion re la t ive to  tes tosterone depression 

for  ins tance.  

Now, beyond that ,  the  s tudies  that  Thomas did when he was in  

my laboratory were designed specif ical ly  to  t ry  to  understand why we 

observing what  we considered to  be anomalous resul ts .  And that  is  

we knew that  a t razine didn ' t  b ind,  a t  least  in  our  hands,  to  the  

es t rogen receptor.  But  in  some cel l  l ines ,  we did see what  looked l ike  

es t rogenic  responses .  The quest ion was why. 

Now the f i rs t  experiment  I  had Thomas do was just  to  dose them 

with perpronobutoxide because I  though maybe what  we were looking 

at  were metabol i tes  that  were being formed,  hydroxy metabol i tes  

which,  in  fact ,  might  be es t rogenic .  Subsequent ly,  we tes ted al l  

those.  They basical ly  weren ' t  es t rogenic .  But  in  doing that ,  we 

thought  we were knocking out  the  MFO act ivi ty  that  might  form the 

metabol i tes ;  when,  in  fact ,  what  we were doing most  l ikely was 
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knocking out  the  aromatase. 


So we did those s tudies  in  par t  to  unders tand mechanis t ical ly  

why we were observing this  effect  in  vi t ro .  They were done at  pret ty  

high concentrat ions .  They were done at  30 micromolar,  which is  

about  6  par ts  per  mil l ion in  the t issue.  And they were done --  and the 

resul t ,  then,  of  that ,  too,  was - -  and we looked at  message.  We looked 

at  expression,  and we look at  the  act ivi ty. Depending on which one 

you looked at ,  the  range of  response that  we got  was somewhere 

between two- to  four-fold.  Not  a  huge response.  

So I  don ' t  d ismiss  i t  ent i re ly  because I  th ink we haven ' t 

invest igated at  these t ime-specif ic  and t issue-specif ic  responses .  So 

i f  we do go ahead,  that 's  where we need to  look.  But  I  real ly  think 

based on the l i terature  that 's  out  there ,  we shouldn ' t  d ismiss  the  other  

potent ia l  pathway at  the  same t ime.  That  was my point .  Not  that  you 

shouldn ' t  consider  i t  a t  a l l .  But  how you do i t  i f  you do i t  and not  

forget  about  this  other  pathway which I  th ink is  a lso consis tent  with  

the resul ts  that  were observed.  

DR. ROBERTS: Dr.  Kendal l ,  I  th ink that  before  your  panel  

cont inues  with  the next  aspect  of  your  publ ic  comments ,  my panel  

needs a  break.  

DR. KENDALL: Mr.  Chairman,  our  panel  yields  to  your  panel .  
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Let 's  take a  break. 


DR. ROBERTS:  Let 's take a 15-minute break. 

(Break;  sess ion resumed at  3:45 p.m.)  

DR. ROBERTS: Before the next  round of  presentat ions,  Dr. 

Green had a  quest ion as  a  fol low up from our  discussion r ight  before  

the  break.  

DR. KENDALL: Very good.  

DR. ROBERTS:  Dr. Green. 

DR. GREEN:  Yes.  I jus t have a quick quest ion for 

c lar i f icat ion to  Dr.  Du Preez.  You ment ioned that  some of  the 

answers  to  the  quest ions  I  posed ear l ier  were avai lable  in  a  document  

that  was submit ted.  Can you clar i fy  which document  that  was so I  can 

go back and make sure  we al l  have the same detai ls?  

DR. DU PREEZ: The documents  that  we 've submit ted to  the 

Panel ,  that  would be SA01B and SA01C. 

DR. GREEN: And in  those documents ,  there  are  the detai ls  

regarding water  qual i ty  analysis  on the ponds,  f requency --

DR. DU PREEZ: Everything is  in  there .  

DR.  GREEN: --  changing and rainfal l  and that  sor t  of  thing.  

Okay. 

DR. DU PREEZ: Including the raw data .  
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DR. GREEN: Thank you.  

DR. ROBERTS: Let 's  then proceed with the next  round of  

presentat ions .  The Panel  wil l  have opportuni ty  to  ask more quest ions  

af ter  those.  

DR. KENDALL: Thank you,  Mr.  Chairman.  As we ear l ier  

indicated,  we would lead off  with  the core  presentat ion by Dr.  Van 

Der  Kraak.  And we,  as  a  panel ,  are  very impressed with your  panel .  

You came very wel l -prepared.  And we do accept  the  cr i t ic ism and 

welcome the comments  and have gained a  great  deal  of  future  insight  

re la ted to  how we would proceed with our  research.  

I  th ink the panel  can re la te  to  par t icular ly  the  las t  couple  of  

years ,  spent  a  lot  of  effor t  and we've amassed now a great  deal  of  

information and a  lot  of  manuscr ipts  are  s tacking up that  are  going 

out  for  review as  we speak.  So this  discussion,  interact ion is  

welcomed.  

And from our  core  presentat ion,  our  panel  is  cont inuing,  as  I  

speak,  to  evolve data .  And I  wanted each of  them to have a  br ief  

opportuni ty  to  - -  I  d idn ' t  real ize  we would have as  many quest ions  as  

we did.  But  we welcome them. But  I  wanted each panel  member  to  

have a  chance to  br ief ly  address  this  SAP to give you an opportuni ty  

to  fur ther  unders tand what  their  contr ibut ion was to  our  overal l  
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effor t .  And I  emphasize our  effor ts  have been col lect ive.  And our  

publ icat ion,  we have discussions on our  publ icat ions  and they are  

col lect ive .  

And I  a lso wanted to  make a  comment  about  Dr.  Bob Si lken.  

We probably ought  to  make him an honorary panel  member. He 's 

made himself  so avai lable .  He s i ts  in  on al l  panel  meet ings now, 

conference cal ls  and so on.  And he 's  very gracious with  his  

contr ibut ion,  a l though he dr ives  us  crazy sometimes re la ted to  a l l  of  

his  quest ions .  But  I  th ink i t ' s  made our  science bet ter. 

But  anyway,  I 'd  l ike  to  begin.  Dr.  Van Der  Kraak gave our  core  

presentat ion.  Dr.  Giesy,  I 'd  l ike  for  him to  comment  as  he feels  

appropria te .  And the Panel  is  welcome to  ask any quest ions of  our  

scient is ts  as  we proceed.  And then we wil l  c lose  our  comments  today 

af ter  this  per iod by offer ing you some responses  to  the White  Paper  

quest ions f rom our  panel  that  can be shared with you.  So Dr.  Giesy. 

DR.  GIESY:  Firs t  of  a l l ,  I 'd  jus t  l ike  to  say I  th ink this  is  an 

excel lent  panel .  I 'm very impressed by how wel l -prepared everyone 

is ,  but  you 're  a l l  experts .  And,  two,  to  re inforce that  I  th ink the EPA 

White  Paper  was an excel lent  document .  They have a  real ly  tough 

task to  do,  to  balance al l  th is  and t ry  to  f ind a  way forward.  So I  

thought  they did an excel lent  job.  
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We've been involved in  this  for  a  couple  of  years  now. I  guess  

what  I 've  learned from that  is  that  we s tar ted from not  much and have 

made a  lot  of  progress .  But  i t ' s  cer ta inly a  work in  progress .  

Certa inly things aren ' t  perfect  and can be developed much more in  the 

future .  

My main interest  in  real ly  in  the  mechanism of  act ion,  what  is  

the  plausible  mechanism for  how atrazine may cause effects  so we can 

put  into  context  what  are  the r ight  endpoints  to  measure ,  what  we 

refer  to  in  r isk assessment  as  measurement  endpoints ,  what  would be 

the most  sensi t ive  and relevant  endpoint  to  measure  that  then could go 

into  an assessment  endpoint ;  which is  ul t imately what  the  EPA has  to  

deal  with .  And so I  feel  s t rongly that  we do need to  know what  the 

cr i t ical  mode of  act ion is .  And that 's  my interest .  So anything 

re la t ive to  where we are ,  where we go re la t ive to  that  is  something I 'm 

interes ted in .  

So we 've set up some s tudies .  When we s tar ted, we wanted to 

work with  some nat ive species .  The protocols  aren ' t  a l l  completely  

worked out  for  that .  One of  the grad s tudents  in  my lab,  Kat ie  Cody, 

did  a  lot  of  work just  to  be able  to  f igure  out  how to do a  s tudy with 

green frogs.  Having done that ,  i f  the  EPA asks me should we use 

green frogs,  I 'd  say no because there  are  some real  issues  with  t ime to  
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metamorphosis  for  green frogs. 


But I  th ink we have learned a  lot  as  a  panel .  And I  think as  a  

scient i f ic  community,  th ings are  unfolding in  this  whole  endocrine 

disruptor  area .  

With that ,  you know, I  th ink this  panel  can have a  huge impact  

on the future ,  where we go,  where EPA goes,  where the science goes.  

And I  think that  would just  be  great .  But  I  don ' t  have any other  

specif ic  comments .  

We do have one ongoing f ie ld  s tudy. What  Dr.  Kendal l  wanted 

us  to  do was get  you up to  speed on anything that 's  been done s ince 

the reports  that  we 've provided to  you.  From  my laboratory,  there  

isn ' t  anything else  real ly. But  we do have an ongoing f ie ld  s tudy. We 

have s tudents  in  the  f ie ld  r ight  now that  wi l l  cont inue with  a l l  the  

warts  and imperfect ions of  t rying to  do f ie ld  work.  

But  other  than that ,  you have everything that  we 've done at  th is  

t ime.  And i f  you have any fur ther  quest ions ,  I 'd  be glad to  t ry  to  f ie ld  

them. 

DR. ROBERTS:  Any quest ion?  Dr. Kel ley. 

DR.  KELLEY: So I 'd  l ike  to  comment  and I  think this  a lso 

appl ies  to  Dr.  Hayes about  the  use of  this  laryngeal  di la tor  muscle  

cross-sect ional  areas  and assay. 
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So we s tudies  the development  of  the larynx in  Xenopus.  And 

there  are  two features  that  I  th ink are  important  for  your  use  of  i t  as  

an assay for  mascul inizat ion.  Firs t  of  a l l ,  le t  me point  out ,  i t ' s  a  very 

good assay for  mascul inizat ion as  you show yourselves .  I t ' s  a  very 

androgen-sensi t ive  organ.  And i t ' s  cer ta inly extremely sexual ly  

dimorphic  in  adul thood.  

So the cross-sect ional  area  that  you guys measure  represents  

two things,  the  s ize  of  muscle  f ibers  and the number  of  muscle  f ibers .  

And we actual ly  never  measured cross-sect ional  area  because i t  

confounds the two.  We looked at  number  of  muscle  f ibers .  And we 

also showed that  the  abi l i ty  of  androgen to  cause growth of  the  

larynx,  both hypertrophy and hyperplasia ,  was dependent  on pr ior  

exposure to  thyroid hormone.  So in  an assay system where your  

animals  are  taking a  long t ime to  metamorphose - -  a l l  r ight .  So le t 's 

say normal  is  two weeks.  These guys are  taking a  month and a  half  or  

longer,  we 've a lso shown that  the  animals  are  exposed to  androgen 

during that  per iod.  So i t ' s  possible  that  var iabi l i ty  in  t ime to  

metamorphosis  can contr ibuted substant ively to  var iabi l i ty  in  whether  

you see a  sexual ly  different ia ted laryngeal  cross-sect ional  area .  

Now, that  a l l  washes  out  by the t ime the animal  is  three months  

old.  So you don ' t  have to  worry about  that  any more.  So I  make a  
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plea for  you guys to  s top looking at  laryngeal  cross-sect ional  area  a t 


Stage 66.  I  don ' t  th ink i t ' s  very appropria te  t ime.  And just  give i t  a 


couple  months  more. 


We divided post-metamorphic  development  into  s ix  s tages  that  

are  very wel l -character ized by laryngeal  weight .  You can s tandardize 

a l l  of  your  animals  no mat ter  how long i t ' s  taking them by body 

weight  and laryngeal  weight  to  those s tages .  And i t  should be 

possible  to  come up with  some wel l -character ized,  low var iabi l i ty  

assay for  whether  a t razine has  an effect  on mascul inizat ion by using 

that  assay at  a  s l ight ly  la ter  t ime per iod.  

Anyway,  that 's  my input  on the laryngeal  bioassay which has ,  in  

fact ,  been var iable .  But  I  th ink i t ' s  been var iable  for  reasons of  

rear ing var iabi l i ty  in  terms of  length to  metamorphosis  in  the  s tudies  

that  pret ty  much every has  done.  And that  makes concordance 

between the s tudies  very diff icul t .  

DR. KENDALL: Good points .  

DR. GIESY:  Excel lent point . 

DR.  ROBERTS: Any other  quest ions for  Dr.  Giesy?  Okay. 

Let 's  move on.  

DR. KENDALL: I  did want  to  make sure  of  one thing.  Dr. 

Kel ley,  you ment ioned two references ,  two papers  on the hormonal  
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measurements .  And we need to  make sure  we get  those for  Dr.  Giesy. 

DR. KELLEY: I  have the papers .  I 'd  be happy to  give them to 

you.  

DR. KENDALL: Very good.  

DR. CARR: I  real ly  don ' t  have any new data  to  present .  And I  

don ' t  have any addi t ional  specif ic  comments  that  weren ' t  addressed in  

the previous sess ion.  

I  d id  have a  general  comment .  I  th ink there  was discussion 

ear l ier  this  morning regarding the subject ivi ty  of  some of  the  gonadal  

assessment .  And you can only come to  that  conclusion when you look 

at  a l l  the  different  terminology that 's  used to  assess  intersex,  

hermaphrodi te ,  e t  cetera .  

But  one thing to  remember  in  our  s tudy and most ,  i f  not  a l l ,  of  

the  other  s tudies ,  i s  that  these are  analyses  and the t reatments  are  

conducted with no knowledge of  what  the  t reatments  actual ly  are .  

These are  bl ind tes ts  in  essence.  And so I  feel  very confident  about  

our  data  in  terms of  when we see something that  is  unusual  and this  is  

an intersex,  i t ' s  very different  f rom what  we would expect  to  see in  a  

normal  male  or  female .  So I  th ink that  reduces  some of  the  

subject ivi ty  a t  least  in  Xenopus.  

We have f inished an experiment  in  Rana pipiens  that  the  things 
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were a  l i t t le  bi t  d i fferent  there .  We don ' t  have data  to  share  on that  

yet .  

But  that 's  real ly  a l l  I  had to  say.  And I ' l l  be  happy to  answer  

any addi t ional  quest ions .  

DR. ROBERTS: Any quest ions for  Dr.  Carr?  Great .  Thanks.  

Dr.  Smith,  did you want  to  proffer  something? 

DR. SMITH:  We have cont inued the work in Iowa, the f ie ld 

s tudy in  Iowa,  pr imari ly,  the  laboratory component  of  i t .  From the 

his tology s tandpoint ,  we have found so far  one tes t icular,  one animal  

with  tes t icular  oocyte  which turns  out  to  be about  .6  percent  of  the  

tota l  number  of  animals  that  we have analyzed.  

We have also taken the plasma for  tes tosterone analysis  and 

gone over  the  per iod of  col lect ion because,  as  I  sa id  ear l ier,  the  

representat ive t ime represent ing Per iod 1,  2 ,  and 3 which would be 

la te  spr ing,  ear ly  summer,  la ter  summer and ear ly  fa l l .  And the 

indicat ion there  is  that  there  is  t ime-dependent  change in  plasma 

tes tosterone concentrat ion.  So t ime becomes a  var iable  and a  factor  

that  has  to  be taken into  considerat ion.  However,  over  the  per iod,  

there  is  no s ignif icant  difference for  plasma tes tosterone when you 

compare the adul t  animals  dur ing the specif ic  per iod.  

The other  observat ion is  that  dur ing that  per iod,  there  is  
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s ignif icant  difference between the adul t  and the juveni le  plasma 

tes tosterone concentrat ion using a  60 gram cut-off  point  as  the  

difference between the adul t  versus  the  juveni le  for  that  comparison.  

We are  present ly  in  the  process  of  ut i l iz ing the s ter iological  

approach that  we use for  the South Afr ican Xenopus laevis  adul t  

tes t icular  his tological  analysis  to  evaluate  the  f ract ional  volume 

sperm,  spermatocytes ,  spermatogonia  and what  we consider  as  other  

cel ls ,  which includes  blood vessels ,  connect ive t issue.  And that  data  

wil l  be  made avai lable  pret ty  soon as  to  the  contr ibut ion from that  

s tandpoint .  

And that 's  where we are  present ly. I ' l l  enter ta in  any quest ions  

from you.  

DR. ROBERTS:  Quest ions for Dr. Smith?  Great .  Thanks for 

the update .  Dr.  Du Preez.  

DR. DU PREEZ: Last  night  I  prepared a  quick PowerPoint  

presentat ion,  so I 'm going to  walk you through a  couple  of  s l ides .  

This  a  pic ture  that  I 've  quickly inser ted here  to  give you an 

image.  This  is  one of  the  larger  ponds that  we 've used.  This  specif ic  

pond was referred to  as  Si te  E6.  

We did four  s tudies  in  South Afr ica .  SA01A was the evaluat ion 

of  the  s i tes  where we character ized the different  s i tes ,  the  
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populat ions ,  the  mark and recapture  s tudies .  And based on this  s tudy,


we ident i f ied f ive exper imental  s i tes  and three reference s i tes . 


Phase B,  SA01B, was the s tudy of  a  one-f ie ld  use season.  We 

on a  weekly basis  a t  f i rs t  and la ter  bi -weekly col lected water  samples  

that  were analyzed.  Elemental  scans were performed on water  

samples  as  wel l  as  on sediment  samples .  And then SA01C, where 

we 've col lected the specimens.  The blood samples  were col lected,  

shipped over  to  Dr.  Giesy 's  lab where they 've conducted the hormone 

aromatase analyses .  Gonads were shipped over  to  Dr.  Smith 's  lab.  

And he just  ment ioned the his tology. 

Then SA01D is  the  s tudy on the microcosm that  I 'm going to  

expand a  l i t t le  bi t  more on.  And then just  for  interest ,  I 've  been busy 

with  the f i rs t  s tudy at  th is  s tage where we 're  going to  look at  the  

reproduct ive cycle  of  Xenopus.  Our  per iod of  months ,  we 're  going to  

quant i fy  the nupt ia l  pads,  the  c loacal  folds ,  the  hormone levels ,  and 

so for th .  

I f  we now focus on the microcosm study,  this  formed par t  of  a  

thesis  of  Alar ic  Uester. We had a  microcosm.  We had 12 ponds,  and 

this  was the layout .  Three reference ponds,  three ponds with  one 

microgram per  l i ter,  three with  10,  and three with  25.  

These were ini t ia l ly  ear thworm pi ts  that  we referred to .  We 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

213


emptied them, l ined them with a  membrane,  f i l led them with water,


add some  microphytes ,  leave them for  s ix  months  to  s tabi l ize ,  and 


then s tar ted the exper iment . 


Individual  microcosms were covered with  that  f rame with hai l  

net t ing.  And that  would be to  keep predators  out ,  pr imari ly  

dragonfly,  because the dragonfly larvae is  the  one animal  that  you 

don ' t  want  in  a  microcosm, and also birds .  

Just  a  couple  of  tadpoles  there  to  show that  the  tadpoles  

schooled in  my opinion in  a  natural  fashion.  And at  Stage 66 animal ,  

they are  in  the  water.  The water  qual i ty  from  measured 

concentrat ions  and from a visual  inspect ion was very good.  

And there  is  a  set  of  microcosms. What  I  want  to  point  out  in  

this  s l ide  is ,  f rom a logis t ical  point ,  we had a  problem that  not  a l l  the  

ponds were exposed to  the same amount  of  sunl ight .  You can see that  

these f i rs t  four  ponds are  shaded here  by a  t ree .  Then there  are  a  

couple  of  ponds in  the middle  that  received more sunl ight .  And then 

on the other  s ide,  again,  two ponds that  were semi-shaded.  

The water  temperature  was much lower  than you would expect  

in  a  natural  pond.  And this  had an effect  on the development .  And 

we,  indeed,  experienced a  delayed development .  But  that 's ,  in  my 

opinion,  not  a  concern in  this  s tudy. 
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This  is  the  actual  recorded at razine levels .  At  one instance,  in  

one of  the  reference ponds,  we did detect  0 .1  microgram per  l i ter  

a t razine.  Again,  I  was not  worr ied about  this  because two weeks la ter  

i t  was gone.  I  th ink i t  was e i ther  an error  or  contaminat ion.  But  to  

make sure ,  I  went  back and I  spl i t  the  reference pond samples  in  two.  

I  compared the specimens col lected from that  specif ic  Pond No.  3  

with  the other  reference samples ,  and there  was no difference.  

Then on cross  morphology,  that  would be a  normal  male ,  the  

female .  And this  is  the  type of  deformit ies  that  we 've observed.  And 

the only deformity that  we found was discont inued tes tes .  

Now, I 'm actual ly  a  parasi tologis t  working on parasi tes  of  

amphibians .  And for  over  15 years  or  more,  I 've  l i teral ly  opened up 

thousands of  f rogs.  And this  is  what  you see f rom t ime to  t ime,  a  

s ingle  tes t is .  Usual ly,  when there 's  a  s ingle  tes t is ,  i t  would be larger. 

You do f ind discont inued tes t is ,  but  I 've  never  come across  a  t rue 

hermaphrodi te  in  f rogs that  I 've  col lected.  And I 've  worked in  both 

corn-growing areas  where a t razine would be appl ied and areas  more 

pr is t ine  reserves  and so for th .  

Based on the gross  morphology,  we 've observed a  4  percent  in  

the reference,  1 .3  in  the 1  microgram per  l i ter,  .6  in  the 10,  and 3.7  in  

the  25 microgram per  l i ter.  So,  again,  no s ta t is t ical  di fference here .  
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And this  is  up to  the point  where we 've reported in  the s tudy 

SA01D. In  the recent  weeks,  we 've conducted the his tology. And I 'm 

quickly going to  report  on our  f indings there .  

This is my s lave, Alar ic Uester.  We selected 54 specimens per 

concentrat ion,  randomly selected.  That  adds up to  216 of  the 600 

specimens selected for  the  gross  morphology. Six specimens were 

lost  in  the  preparat ion for  the  his tology. 120 to  200 sect ions  per  

specimen,  four  to  s ix  s l ides  per  specimen.  That  a l l  adds up to  more 

than a  thousand s l ides .  And 31,000 his tological  sect ions  that  were 

examined individual ly. So that 's  why I 'm not  very popular  with  my 

s tudents  a t  th is  s tage.  

What  we 've observed and what  I  want  to  point ,  tes t icular  oocyte  

would appear  and disappear  in  seven s l ides  sect ioned at  6  micrometer. 

So what  I  wanted to  s t ress  with  this  is  i t ' s  not  good to  check every 

20th sect ion.  You have to  check every one i f  you want  to  detect  the  

tes t icular  oocytes .  

A tes t is  wi th  a  tes t icular  oocyte  there ,  a  cross-sect ion,  

longi tudinal ly  sect ion,  and the ovary. And you can clear ly  the lumen 

in  the  middle .  

This  is  what  the  his tology revealed.  No less  than 56 percent  of  

the  animals  f rom the reference ponds had tes t icular  oocytes .  Again,  
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56 in  the 1  microgram, 58 in  10,  and 38 in  the 25. 


Just  this  past  week,  we did another  s tudy where we looked at  

grow-outs .  Now the ra te  columns represent  Stage 66 and the blue,  

10-month grow-outs .  And there  is  a  reduct ion in  the number  of  

oocytes .  Now I  must  point  out  that  this  blue set ,  the  10-month 

grow-outs  is  only 10 specimens per  concentrat ion.  

Then we calculated the number of specimens with tes t icular 

oocytes  where we found the oocytes  in  the s ingle  tes t is  or  both tes tes  

and no s ta t is t ical  s ignif icant  difference there .  

I f  we now look at  the  mean number  of  oocytes  per  specimen 

with tes t icular  oocytes ,  we f ind that  there  is  an average of  about  10 

oocytes  per  specimen.  But  there  is  a  s ignif icant  reduct ion i f  we look 

at  the  10-month-old grow-outs .  And then i f  we spl i t  up the sample 

and divide the number  of  oocytes  in  categories ,  zero,  1 ,  2  to  10,  11 to  

12 and so on,  51 to  60,  we f ind the fol lowing.  And,  again,  not  the 

s ignif icant  reduct ion in  the number  of  oocytes .  

The maximum number  of  oocytes  in  the Stage 66 samples  was in  

this  25 microgram per  l i ter.  And that  was 58 oocytes  in  a  Stage 66 

Xenopus.  The maximum for  the 10-month grow-out  was 5.  Only one 

specimen had 5,  three had 2,  and the res t  had a  s ingle  oocyte .  

So from this ,  tadpoles  developed s low as  a  resul t  of  cold water. 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

217


I 've  a l ready addressed that .  Ponds were par t ia l ly  shaded,  covered 


with hai l  net t ing and did not  have a  shal lower  par t  as  you would f ind 


in  a  natural  pond.  Often these Xenopus in  a  natural  pond would 


school  in  the  shal lower  water.


I 've  a l ready addressed this  point  of  the  a t razine that  was 

detected in  this  one reference pond.  Again,  no reason for  concern 

there .  

No gonadal  abnormali t ies  were observed in  the females .  No 

hermaphrodi tes  were observed.  Males  showed a  low percentage of  

deformit ies  a t  a  cross-morphology level .  A high percentage of  f rogs 

had one or  more tes t icular  oocytes  a t  a l l  concentrat ions ,  but  there  was 

no dose response.  And then a  s ignif icant  reduct ion in  the number  of  

tes t icular  oocytes  as  metamorphs grow older. 

And from the South Afr ican s tudies ,  for  me the take-home 

message would that  a t razine does  not  appear  to  affect  the  gonadal  

development  of  Xenopus laevis  a t  environmental ly  re levant  

concentrat ions .  The second point  would be that ,  in  my opinion,  one 

would expect  that  i f  a t razine had a  negat ive or  adverse  effect  on 

Xenopus laevis ,  i t  would ref lect  in  the populat ion dynamics  af ter  four  

decades of  intensive use of  a t razine.  And in  previous decades,  i t ' s 

been documented that  in  South Afr ica  they used atrazine by the tons .  
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I  mean they real ly  appl ied i t . 


Now days,  they use more conservat ive,  recommended amounts .  

But  surely,  i f  there  was something to  be worr ied about ,  you would see 

i t  in  the  Xenopus populat ions  out  there .  

And then in  my opinion,  f ie ld  s tudies  and microcosm studies  

does  have i ts  l imita t ions  as  great ly  pointed out  by the EPA's  White  

Paper.  But  I  don ' t  th ink we should underest imate  the value of  f ie ld  or  

microcosm studies .  Because in  the end,  the  quest ion is  what 's 

happening out  there .  

Thank you.  

DR. ROBERTS: All  r ight .  Any quest ions f rom panel  members .  

Dr.  Green.  

DR.  GREEN: I  think you could probably ant ic ipate  this  

quest ion from  me. How cold was the water?  And you didn ' t  ment ion 

anywhere in  this  document  the  condi t ions  of  the  water  qual i ty,  pH 

conduct ivi ty. I f  someone were to  t ry  and reproduce this  experiment ,  

i t  would be very important  to  have that  information i f  you 're  going to  

reproduce this  microcosm in a  lab.  

DR.  DU PREEZ: That ' s  correct .  That  data  is  avai lable .  What  

we 've handed out  is  a  handout  to  summarize this  presentat ion.  That 's 

not  the  ful l  report .  In  the  ful l  report ,  we have al l  the  other  data .  
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DR. GREEN: But  in  my opinion,  I  th ink the water  qual i ty  and 

the parameters  that  def ine this  microcosm are  very important ,  

especial ly  to  a  laboratory Xenopus person.  So what  was the 

temperature  on this?  

DR. DU PREEZ: Too cold to  swim in.  We did not  measure 

water  temperature  on an hourly  basis  for  example.  We  measured in  

this  s tudy at  10 o 'c lock in  the morning when we took the water  sample 

to  check for  a t razine.  And that  was in  the low teens,  around 10 to  14,  

which is  lower  than you f ind in  the natural  populat ion.  

DR. ROBERTS: Any other  quest ions.  Yes,  Dr.  Kel ley. 

DR. KELLEY: If  you wouldn ' t  mind my asking you a  quest ion 

about  the previous f ie ld  s tudy. I 'm looking at  the  mass  of  the f rogs on 

page 59 in  the s tudy where you col lected them from the three 

reference ponds and the f ive experimental  s i tes .  And I  jus t  want  to  

make sure  I 'm reading this  r ight .  

So I  think the goal  was to  get  20 of  each sex from each pond.  

But  i t  looks to  me l ike  that  was diff icul t  to  achieve at  the  

experimental  s i tes .  Was there  another  reason for  that  that  you could 

think of?  

DR. DU PREEZ: I  was real ly  upset  when I  wanted to  col lect  the  

specimens,  especial ly  f rom Si te  E1.  Because with  this  excessive 
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ra ins ,  some catf ish were washed into that  pond and l i teral ly  wiped out 


the  Xenopus populat ion in  that  pond to  such an extent  that  we had 


diff icul ty  to  col lect  the  target  number  of  specimens. 


DR. KELLEY: So your  feel ing that  the  diff icul ty  in  col lect ing 

at  th is  s i tes  where you have ful l  representat ion in  your  reference s i tes  

f rom the cow pastures ,  but  a  sparser  representat ion for  the  

experimental  s i te  was due to  predat ion.  

DR. DU PREEZ: That 's  my opinion.  

DR. KELLEY: Thank you.  

DR. ROBERTS: Any other  quest ions?  If  not ,  le t 's  move on to  

Dr.  Gross .  

DR.  GROSS: My comments  wil l  a lso be re la t ively br ief .  We 

have been coordinat ing now for  the past  year  and a  half  the  s tudies  

looking at  another  one of  the  mini-f ie ld  s tudies ,  looking at  the  cane 

toad in  sugar  cane agr icul tural  areas  in  South Flor ida.  Those s tudies  

are  current ly  cont inuing and ongoing,  so we have l i t t le  to  add at  th is  

point  that 's  new that  the  Panel  has  not  a l ready seen the documents  

provided.  

I  th ink several  th ings can be noted,  though,  f rom the mater ia ls  

that  have been provided.  Firs t ,  I  th ink as  indicated in  EPA's  review 

which we ful ly  agree with ,  these experiments  were s imply prel iminary 
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examinat ions,  most ly  fact-f inding,  range f inding,  s i te  ident i f icat ion,  

species  ident i f icat ions  kind of  s tudies .  And,  therefore ,  i t ' s  very 

diff icul t  f rom these s tudies  i f  not  impossible  to  draw any conclusions 

re la t ive to  causat ion of  s ingle  chemicals  or  even mixtures  of  

chemicals  or  other  factors .  

None the less ,  the  s tudies  that  we 've seen do demonstrated some 

effects .  We think that  these effects ,  though,  are  vast ly  different  in  

this  species  compared to  what  e lse  has  been reported for  Xenopus or  

the  var ious ranid species  that  had been examined because we 're 

looking at  a  toad species ,  the  cane toad,  which has  a  bi t ters  organ and 

rudimentary ovar ian s t ructure ,  which basical ly,  I  th ink,  a l lows a  

different ia l  k ind of  response.  We bel ieve these responses  current ly  to  

be most ly  in  the  adul t  or  sub-adul t  ra ther  than during the metamorphic  

phases  that  have been descr ibed previously for  the  other  species .  

None the less  as  I  indicated,  we are  cont inuing with  these 

s tudies .  Actual ly,  we 've been cont inuing s ince February,  have l i t t le  

data  yet  to  add because these s tudies  are  ongoing.  I  th ink the 

comments  of  the  panel  today have been most ly  addressed as  we 

designed this  second phase of  s tudy,  the  second t ier ;  and,  hopeful ly, 

we wil l  have bet ter  answers  in  the  next  year. 

But  I ' l l  be  happy to  enter ta in  any quest ions  you might  have 
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re la t ive to  the  s tudies  we 've conducted on cane toads. 


DR. ROBERTS: Any quest ions for  Dr.  Gross?  All  r ight .  Dr. 

Solomon.  

DR. SOLOMON:  I 'm sor t of wrapping up this wi th a few br ief 

comments .  And my role  in  the panel ,  apar t  f rom helping formulate  the 

reports ,  was to  br ing the concept  of  r isk  assessment  to  the  data  that  

we were developing.  And as  we heard ear l ier  f rom Dr.  Bradbury and 

others ,  r isk  assessment  involves  a  component  of  integrat ion of  

exposure and effects  data .  And as  you probably very wel l  know, there  

is  an excel lent  data  base for  a t razine concentrat ions  f rom the 

ecosystem through the effor ts  of  the  U.S.  Geological  Survey and other  

labs .  We have very large data  sets  in  the hundreds of  thousands of  

data  points .  Maybe not  hundreds of  thousands,  but  cer ta inly tens  of  

thousands of  data  points .  So there  is  a  good data  base to  go out  there  

to  work on a  measured concentrat ions  to  compare to  effect  

concentrat ions .  

We also have good model ing data  that  a l lows us  to  es t imate  

exposures  in  areas  where we don ' t  have good measured values  and 

helps  to  get  a  t ighter  def ini t ion of  temporal  var ia t ion that  we don ' t  get  

f rom sampling once every week or  two weeks.  

I 've  been somewhat  f rustra ted in  this  because the other  s ide of  
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the equat ion,  the  effect  s ide,  has  not  mater ia l ized to  the point  where I  

can use this  in  the r isk assessment  process .  And I  think Dr.  Van Der  

Kraak pointed out  in  his  s l ide  that  we need robust  and consis tent  

concentrat ion responses  that  we can feed into  the r isk assessment  

process  to  determine probabl is t ical ly  or  determinis t ical ly  what  types  

of  responses  we might  expect  to  see in  the environment .  So that 's 

been my frustra t ion.  And,  hopeful ly,  i t ' s  a  f rustra t ion on the Panel  as  

wel l .  I  cer ta inly heard that  when I  read the White  Paper  as  wel l ,  that  

there  was insuff ic ient  data  a t  th is  point  to  do a  r isk  assessment .  

Thank you very much.  

DR. ROBERTS: Any quest ions for  Dr.  Solomon?  Yes,  Dr.  Van 

Der  Kraak.  

DR. VAN DER KRAAK: They overlooked me. 

Just  to  comment  in  terms of  some ongoing s tudies  that  are  

occurr ing in  my laboratory.  Some of  the  experiments  are  being done 

in  re la t ion to  some of  the quest ions  that  Dr.  Kloas  addressed in  that  

we 've been looking at  more of  the  responses  of  Xenopus to  a t razine in  

terms of  effects  on s teroidogenesis .  And so we 're  looking and doing 

some  mechanis t ic  s tudies ,  t rying to  tease  apar t  places  in  the  pathway 

that  are  responsive and develop the methodology in  order  to  do in  

vivo exposures  and to  take gonadal  t issue outs ide of  the  animal  and do 
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ex vivo incubat ions  to  tes t  for  specif ic  les ions in  the  s teroidogenic 


pathway.  So those s tudies  are  just  ongoing. 


DR. ROBERTS: Any quest ions for  Dr.  Van Der  Kraak.  Dr. 

Kendal l ,  I  th ink there 's  another  phase of  your  publ ic  comments .  

DR. KENDALL: Yes.  Thank you,  Mr.  Chairman.  We were 

encouraged to  as  a  panel ,  and we did,  respond to  the White  Paper  in  

terms of  the quest ions being posed to  the SAP and would offer,  Mr. 

Chairman,  that  we discuss  that  or  summarize i t  or  provide this  for  the  

record.  But  each member  of  the SAP has  been given our  panel 's 

response and l i terature  backup as  to  some of  the  scient i f ic  issues  we 

see.  I  would yield  to  how you recommend that  we proceed.  

DR. ROBERTS: I  think that  i f  you could summarize i t  for  us ,  

your  opinions and responses  on these,  that  would probably be the 

most  useful .  Let  me be sure  that  I 've  got  i t .  

DR.  KENDALL: This  document  is  ent i t led,  "The atrazine 

Endocrine Ecological  Risk Assessment  Panel 's  Response to  The 

United States  Environmental  Protect ion Agency 's  Quest ions in  the 

`White  Paper  on Potent ia l  Developmental  Effects  of  a t razine on 

amphibians . '" 

DR. ROBERTS:  All r ight . 

DR. KENDALL: The date  is  June 17,  2003.  
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ATTY2: Got  i t .  Thanks.  I f  you can maybe just  proceed and 

summarize i t  for  each quest ion,  that  would be very useful .  

DR. KENDALL:  The members of the SAP, of course , wi l l 

receive your  charge and the quest ions  probably Thursday morning.  

Mr.  Chairman,  I  real ly  don ' t  want  to  read each quest ion,  not  unless  

you want  me to .  But  we thought  we 'd  a t  least  project  them on the 

board.  And I  wanted to  just  very quickly touch on some of  the 

responses  that  we had as  a  panel .  

Ini t ia l ly,  we as  a  panel  would l ike  to  compliment  the  Agency on 

their  effor t  in  br inging this  White  Paper  together. Again,  th is  is  an 

emerging and one in  which there 's  not  a  lot  of  s tandardizat ion both in  

the science to  do the research as  wel l  as  the  terminology. And would 

encourage the SAP to engage,  not  jus t  the  science,  but  the  

terminology so we cal l  a l l  begin to  speak the same language.  

Never  the less ,  in  terms of  Quest ion 1,  in  par t icular  1 .a . ,  "Does 

the SAP have any comments  and recommendat ions. . ."  In  general ,  our  

panel  supports  the  Agency 's  evaluat ion of  the  exis t ing body of  data  

and general ly  agrees  with  the conclusions;  a l though there  were two 

point  f rom our  perspect ive that  needed to  be considered.  

We as a panel fe l t that the Agency focused more on the 

l imita t ions  of  the  data  versus  what  the  data  could offer  i f  i t  were  
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looked at  in  a  robust ,  comprehensive manner.  For  instance,  the 


l imita t ions  of  low concentrat ions  of  a t razine in  the  reference s i te , 


re la t ively great  inherent  var iabi l i ty  in  hormone concentrat ions ,  and 


other  issues  such as  the  t ime to  metamorphosis . 


Again,  we accept  the  cr i t ic isms. We welcome the opportuni ty  

to  address  these cr i t ic ism in  the  future .  But  le t  us  not  lose  s ight  of  

the  forres t  for  looking too hard at  the  individual  t rees .  

The second point  that  we think meri ts  a t tent ion is  the  Agency 's 

s ta t is t ical  analysis  of  the  data .  Whenever  the  Agency reanalyzed our  

data ,  I  want  to  emphasize for  any Panel  member,  we provided al l  raw 

data  for  a l l  s tudies .  So from that  perspect ive,  one could take this  and 

analyze this  as  one deemed appropria te .  Never  the  less ,  the  Agency 's 

analysis  of  our  data ,  i f  they found a  s ta t is t ical ly  s ignif icant  difference 

that  our  panel  did  not  f ind,  i t  was not  a lways because EPA's  analysis  

in  terms of  how they approached i t  in  many cases  EPA's  analysis  

pooled animals  together  over  s i tes ,  tanks,  repl icates  ra ther  than 

approach i t  as  we did in  preserving the s t ructure  in  the  data  and 

including the animal  s i te ,  tank,  and repl icate  in  the  analysis .  

And Dr.  Si lken was adamant  as  to  how we approached these 

analyses  in  the context  of  s ta t is t ical  background.  And we would off 

that  i t  jus t  be  considered as  one looks a t  a l l  of  these data  together. 
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In terms the b .  par t  of  Quest ion No.  1 ,  f rom a s ta t is t ical  

perspect ive,  the  Agency 's  overal l  character izat ions  of  the  current ly  

avai lable  s tudies  tend to  t reat  di fferences  that  are  found to  be 

s ta t is t ical ly  s ignif icant  by one method analysis  as  t rue differences  

that  are  biological ly  s ignif icant  and beyond quest ion but  tends to  t reat  

resul ts ,  in  terms of  no s ta t is t ical ly  differences ,  as  quest ionable .  

So as  we approached i t ,  and I  heard the comments  today as  my 

col leagues did.  We approached i t  wi th  the best  sc ience and the best  

s ta t is t ics  that  we could apply.  We are  not  seeing robust ,  repeatable  

s ta t is t ical  di fferences .  Never  the less ,  we would welcome the SAP to 

look careful ly  a t  th is  as  wel l  as  ass is t  the  Agency in  looking at  their  

s ta t is t ical  approaches .  

In  1 .c . ,  a  number  of  s tudies  have been done that  address  the 

effects  of  a t razine on development  of  anurans and also on the 

occurrence of  tes t icular  oocytes  have been publ ished in  the  l i terature .  

Others  that  should have been included include Allran and Karasov 

2000 and 2001,  and Brown-Sul l ivan and Spence of  2003.  And we go 

into  more detai l  on that  par t icular  area .  

In  Quest ion No.  2 ,  we agree that  f ie ld  s tudies  have l imita t ions  

as  discussed by EPA. While  these l imita t ions  are  acknowledged,  f ie ld  

s tudies  we bel ieve are  extremely useful  in  a  weight  of  evidence 
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approach and the resul ts  are  s t i l l  re levant .  

This  is  par t icular ly  important  for  emerging areas  of  science 

where we need to  make decis ions.  Data  are  coming in .  And we 

bel ieve that  a  comprehensive f ie ld  and laboratory integrat ion are  

cr i t ical .  

The s tudies  conducted in  the f ie ld  we bel ieve were designed to  

tes t  the  presumption of  r isk.  That  is ,  they were designed such that ,  i f  

there  were no differences  locat ions  or  correla t ions  between exposure  

to  a t razine and responses ,  i t  could be concluded that  a t razine did not  

cause these effects  under  re levant  environmental  exposures .  And we 

would welcome fur ther  del iberat ion by the SAP on this  par t icular  

approach.  

Never  the less ,  Dr.  Du Preez comments  and I  think his  e legant  

summary of  some of  the works going on in  South Afr ica ,  we chal lenge 

the concept  that  i f  a t razine had caused robust ,  susta ined,  

comprehensive populat ion- level  effects  on nat ive Xenopus laevis  in  

South Afr ica  as  one may have suspected from prel iminary s tudies ,  

then i t  would have been ref lected in  dis turbances  of  populat ion 

s t ructure ,  par t icular ly  af ter  40 years  of  appl icat ion in  that  area .  

Moving on to  Quest ion 3,  in  terms of  3 .a . ,  we bel ieve that  

laboratory s tudies  provide a  plausible  basis  to  es tabl ish a  hypothesis  
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concerning the potent ia l  for  a t razine to  cause developmental  effects 


provided that  sample s ize  is  adequate  the  smal l  incidence of 


abnormali t ies  that  have been reported in  some s tudies ,  and these have 


been rela t ively smal l  in  some s tudies ,  and provided that  the  exposures 


overlap with  cr i t ical  windows of  gonadal  different ia t ion,  and 


provided that  sampling design takes  into  account  the  var iabi l i ty  of 


t iming in  gonadal  different ia t ion in  different  anuran species . 


Many of these issues were ra ised today.  I think this SAP panel 

is  highly a ler t  to  these concerns  and I  th ink wil l  address  this  nicely 

and ass is t  the  Agency with  their  recommendat ions.  We bel ieve that  

the  overal l  body of  data  c lear ly  indicates  that  the  response of  

Xenopus laevis  to  a t razine var ies  under  the  condi t ions  descr ibed in  

the avai lable  s tudies .  And there  are  a  lot  of  reasons for  this .  And,  of  

course ,  th is  SAP wil l  address  many of  those reasons.  

Al though the degree to  which differences  in  experimental  

design and husbandry inf luence the contradictory f indings remains  a  

mat ter  of  debate ,  the  fact  that  a  re la t ionship between atrazine 

exposure and development  of  gonadal  abnormali t ies  is  not  

consis tent ly  found raises  the quest ion of  the  ecological  s ignif icant  

and the re levance of  observed effects  of  a t razine on gonadal  

different ia t ion.  We think that 's  a t  the  essence of  the  quest ions  that  
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you wil l  be  addressing,  Mr.  Chairman. 


In  Subsect ion b.  of  that  quest ion,  to  date ,  the  laboratory and 

microcosm studies  have fol lowed logical  assumptions inherent  in  the 

scient i f ic  method.  And we bel ieve that  given the inconsis tent  

responses  observed,  i t  i s  not  possible  a t  th is  t ime to  predict  how 

Xenopus laevis  wil l  respond to  a t razine under  yet  a  different  set  of  

environmental  condi t ions .  

Al though i t  i s  re la t ively c lear  that  a t razine does  not  

dramatical ly  affect  thyroid funct ion and does  not  inf luence es t rogen 

receptor  act ivi ty  a t  environmental ly  re levant  concentrat ions ,  the  

abi l i ty  of  a t razine to  inf luence gonadal  different ia t ion is  an as  of  yet  

unelucidated pathway cannot  be predicted for  avai lable  s tudies .  And 

we are  s t i l l  searching,  as  Dr.  Giesy and other  members  of  our  panel  

re la ted to  you,  for  these underlying mechanisms of  act ion for  

potent ia l  effects .  

Give the lack of  a  repeatable  effect  and the absolute  lack of  

evidence for  a  cel lular  mechanism underlying the reported effects  of  

a t razine on gonadal  di fferent ia t ion,  i t  i s  not  possible  a t  th is  t ime to  

predict  the  dose response re la t ionship or  the  rank order  potency of  

a t razine metabol i tes  re la t ive  to  the  parent  compound.  

In  Quest ion No.  4 ,  we concur  with  the conclusions reached by 
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the EPA that  there  is  no evidence to  conclude that  a t razine causes  

induct ion of  aromatase in  f rogs,  a t  least  a t  th is  t ime.  

In  Subsect ion b.  of  that  quest ion,  there  is  not  evidence to  

suggest  that  analyt ical  issues  are  a  major  factor  contr ibut ing to  

var iabi l i ty  in  plasma sex s teroid hormone levels  or  aromatase act ivi ty  

measures  in  f rogs.  I  might  add that ,  again,  I  emphasize,  our  projects  

were implemented on GLP-l ike performance s tandards  under  SOPs 

where s tandards  of  performance were measured.  The Eco Risk QA 

uni t  went  to  every laboratory,  check and recheck process .  So we did 

take into  account  analyt ical  and measurement  performance.  

At  least  for  the  research associated with  the Eco Risk panel  

here ,  our  qual i ty  measures  are  in  place.  And we bel ieve they are  

within acceptable  bounds.  And we do bel ieve that  perhaps var ia t ions  

in  analyt ical  resul ts ,  par t icular ly  in  the  area of  sex s teroids ,  may have 

some biological  underpinning moreso than analyt ical  underpinning.  

In  Subsect ion c . ,  we bel ieve that  in  anurans,  sex different ia t ion 

is  sensi t ive  to  sex s teroids  dur ing cr i t ical  per iods  of  development .  

And I  think this  SAP wil l  help e lucidate  for  the Agency how one 

might  approach a  bet ter  measure  of  that  for  repeatable  type data  

acquis i t ion.  There  is  l i t t le  evidence to  suggest  that  anurans are  

par t icular ly  sensi t ive  to  es t rogens in  terms of  the  induct ion of  
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tes t icular  oocytes  fol lowing sex different ia t ion.  And our  panel  has 


discussed this  issue.  So this  area,  we would welcome the SAP to ful ly 


explore  and offer  some perspect ives  to  the Agency on the re levance in 


ei ther  the  reproduct ive or  ecological  re levance of  these tes t icular 


oocytes . 


Compounds act ing as  es t rogens or  ant i -androgens would be 

predicted to  cause feminizat ion of  males .  There  are  no data  avai lable  

to  suggest  that  a t razine funct ions  as  an es t rogen receptor  agonis t  

through binding to  the es t rogen receptor  or  induct ion of  

es t rogen-dependent  responses .  Similar ly,  there  is  no evidence that  

a t razine binds to  the  androgen receptor  and funct ions  as  an 

ant i -androgen.  

There  is  some real  exper ts  on this  SAP rela ted to  this  par t icular  

subject  area .  This  is  what  we bel ieve to  date  as  the  s ta te  of  the  

science.  We welcome your  cr i t ical  review. 

Moving to  the next  quest ion,  jus t  a  few more minutes ,  Mr. 

Chairman.  I 'm t rying to  rol l  through this .  

Quest ion 5,  Subpart  a . ,  our  understanding of  spermatogenesis  in  

anurans lags  far  behind that  for  mammals ,  especial ly  for  amphibians .  

I t  i s  not  known i f  accelerated growth precedes his tological  

different ia t ion of  gonads which would inf luence the developmental  
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rate  a t  ear ly  s tages  as  wel l  as  gonadal  morphology. I t  appears  that  

sex determinat ion exhibi ts  considerable  plas t ic i ty  and the abi l i ty  of  

gonadal  different ia t ion to  respond to  environmental  factors  may be 

highly adapt ive.  Therefore ,  i t  may be resul t ing in  some of  the 

differences  in  data  that  we are  seeing current ly. 

Gonads in  Rana cur t ipes  ini t ia l ly  different ia te  into  ovar ies ,  and 

la ter,  in  the  prospect ive males ,  the  ovar ies  degenerate  and t ransform 

into tes tes .  This  represents  a  semi-different ia t ing type of  gonad.  

Thus,  in terpretat ion of  background rates  of  ovotestes  and/or  tes t icular  

oocytes  occurrences  in  amphibian species ,  as  wel l  as  interpreta t ion in  

the context  of  environmental  exposure  and r isk assessment ,  requires  

s ignif icant  exper imental  evaluat ion under  control led laboratory 

condi t ions  in  addi t ion to  the evaluat ion of  populat ions  in  the  natural  

habi ta ts .  

And so we bel ieve this  SAP can contr ibute  much thought  and 

idea in  the proposed future  laboratory work necessary with  a t razine 

and frogs.  But  le t  us  not  discount  the  importance,  re levance,  and 

contr ibut ion our  f ie ld  work can contr ibute  to  this  whole  subject  area .  

In  subpart  b .  of  this  quest ion,  there  is  no information current ly  

avai lable  that  expl ic i t ly  tes ts  whether  the  presence of  a  few tes t icular  

oocytes  would resul t  in  any impairment  of  reproduct ion.  Therefore ,  
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one would wonder  is  this  an aberrat ion or  not . 


The presence of  robust  populat ions of  f rogs,  and this  is  

debatable ,  Dr.  Skel ly,  and we respect  your  opinion and welcome your  

seat  on the SAP in contr ibut ing to  the populat ion understanding of  

this  subject  area .  But  there  were presence of  robust  populat ions  of  

f rogs  where there  is  a  re la t ively great  incidence of  tes t icular  oocytes  

fur ther  argues  against  such an adverse  effect  of  this  condi t ion.  This  

is  point  we want  to  make.  

Recent ly,  the  research accomplished by our  research team in 

male  amphibians  does  not  suggest  that  the  presence of  tes t icular  

oocytes  and ovotestes  resul ts  in  the  reproduct ive impairment  via  

reduced fer t i l i ty. 

In  Subsect ion c .  of  this  quest ion,  the  major  point  here  - -  we 

addressed other  points .  But  the  laryngeal  development  in  f rogs,  as  

Dr.  Kel ley has  ment ioned,  is  a  sexual ly  dimorphic  process;  and the 

formation of  a  larynx capable  of  a  male  cal l ing behavior  is  

androgen-dependent .  Under  normal  condi t ions  the laryngeal  di la tor  

muscle  of  the  male  Xenopus laevis  is  larger  than that  of  females .  I t ' s 

been hypothesized that  a t razine could decrease plasma concentrat ions  

of  tes tosterone in  Xenopus laevis  by up-regulat ing the expression of  

aromatase,  the  enzyme that  converts  tes tosterone to  es t radiol .  Yet 
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th is  remains  to  be proven. 


And,  again,  this  whole  area,  I  th ink,  would welcome fur ther  

input  f rom the SAP.  I t  i s  probably inappropria te ,  we bel ieve at  least  

a t  th is  point  wi th  the  laryngeal  di la tor  muscle ,  to  be using this  effect  

as  an assessment  endpoint ,  perhaps a  measurement  endpoint .  But  this  

point  may be moot ,  s ince a t  least  a t  th is  point  in  t ime,  we do not  seem 

to have reproducible ,  sensi t ive  measures  of  potent ia l  es t rogenic  or  

ant i -androgenic  effects  of  a t razine.  

In  Quest ion No.  6 ,  our  Eco Risk panel  supports  EPA's 

conclusion that  the  data  current ly  avai lable  f rom both laboratory and 

f ie ld  s tudies  involving a  wide range of  amphibian species  does  not  

support  the  hypothesis  that  a t razine causes  development  effects  in  

amphibians .  That  is  yet  to  be proven.  Given the low background 

incidence of  gonadal  effects  reported in  most  s tudies ,  par t icular  

a t tent ion should be devoted to  suff ic ient  sample s ize  so that  the  

s ta t is t ical  power of  the  s tudy is  suff ic ient  to  proper ly  tes t  the  nul l  

hypothesis .  This  has  a l ready been descr ibed by Dr.  Gibbs.  

The use of  concentrat ions  greater  than those expected in  the 

environment  would al low evaluat ion of  a  threshold for  gonad-specif ic  

effects  to  be determined.  Therefore ,  levels  of  exposure greater  than 

25 ppb would be necessary. The s tudy should also consider  the 
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possibi l i ty  that  effects  could be caused by metabol i tes  and/or  

environmental  break-down products  of  a t razine and rela ted t r iazines .  

Hazard and r isk assessments  for  pest ic ides  and other  substances  

have always been based on the pr inciple  of  dose response and/or  

concentrat ion response.  We bel ieve there  is  nei ther  a  f ramework nor  

a  general  precedent  for  r isk assessment  based on U-shaped,  dose,  or  

concentrat ion responses .  We wil l  welcome SAP del iberat ion on this  

subject .  

In  Quest ion 8,  whi le  some aspects  of  the  s tudy plan proposed by 

the U.S.  EPA are  reasonable;  again,  we compliment  highly EPA's 

White  Paper  and their  effor t  to  engage the best  sc ience possible  on 

this  whole  area of  a t razine exposure in  amphibians .  I t  may be unwise 

to  base the decis ion t ree  solely  on his tological  effects  in  the  gonad 

when there  is  current ly  no reason to  bel ieve that  th is  the  most  

sensi t ive  endocrine response.  And there  has  been no plausible  

mechanism of  act ion that  has  been suggested by s tudies  done to  date .  

Dr.  Kloas 's  e loquent ly  argued on other  enzyme approaches and 

other  endpoints  that  may be more e legant ly  sensi t ive  to  such effects  is  

being considered by the SAP. 

In  the b .  par t  of  that  quest ion,  i t  appears  that  the  major  set  of  

endpoints  is  covered under  the present  approach that  EPA has offered 
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except  some of  the  ones  I  jus t  ment ioned.  Work so far  has  revealed 


that  the  degree of  gonadal  different ia t ion at  complet ion of 


metamorphosis  is  highly var iable  within species  and especial ly 


between species .  In  fact ,  there  is  no a  pr ior i  reason to  suspect  that 


gonadal  different ia t ion would be t imed with  complet ion of 


metamorphosis .  So i t  i s  unclear  why the Agency is  using this  same


sampling t ime,  end of  metamorphosis ,  to  gauge the degree of  sexual 


different ia t ion. 


And I 'm sure  the SAP wil l  del iberate  and offer  the  approaches 

in  par t icular ly  the lab component  of  these future  proposed s tudies  that  

wi l l  address  these concerns  that  we have.  

In  Subsect ion c . ,  i t  i s  extremely important  to  proper ly  design 

for  possible  tank and s i te  effects .  I t  i s  a lso important  to  include 

possible  tank or  s i te  effects  in  the analyses  of  the  s tudy data .  

Not  only is  i t  important  to  design s tudies  with  mult iple  tanks or  

s i tes  per  t reatment  level ,  but  i t  a lso important  to  include mult iple  

tanks or  s i tes  a t  the  control  level .  Even two or  three tanks or  s i tes  a t  

the  control  level  may be insuff ic ient  to  capture  the  t rue tank-to- tank 

var iabi l i ty. And this  has  a l ready been discussed by Dr.  Si lken 

previously a t  the  table  today. 

Based on ini t ia l  power analysis  performed by our  Eco Risk 
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panel  pr ior  to  conduct ing i ts  laboratory s tudies ,  a  minimum of  e ight  

tanks per  t reatment  are  necessary to  account  for  inter- tank var ia t ion.  

In  terms of  the  las t  few comments  in  Subsect ion e . ,  wi thin ranid 

species  there  are  differences  in  the  expression of  androgen 

hormone-dependent  secondary sexual  character is t ics .  This  wil l  have 

to  be take into  account .  There  are  a lso differences  a t  the  hormonal  

and potent ia l  d i fferences  a t  the  developmental  level  that  are  not  

c lear ly  unders tood in  ranids  which would point  to  caut ion in  assuming 

that  the  developmental  processes  and the mechanism of  gonadal  

different ia t ion can be appropria te ly  tes ted in  Xenopus laevis  a lone 

which argues that  Xenopus laevis  may in  fact  be an ini t ia l  good model  

species  to  tes t .  But  we should not  count  other  nat ive f rog species  that  

may be differ ing in  their  sensi t ivi ty,  gonadal  different ia t ion,  e t  

cetera .  

Many ranids ,  for  example Rana catesbeiana,  are  diff icul t  i f  not  

impossible  to  breed under  laboratory condi t ions ,  meaning that  eggs 

would have to  be col lected from natural  ponds with unknown exposure 

his tor ies .  Rana pipiens  can easi ly  be breed in  the lab.  So we have 

differences  of  how these var ious species  wil l  reproduce in  the lab 

and/or  have to  be col lected from the environment .  

In  Subsect ion g.  of  the las t  quest ion,  we bel ieve and we hope 
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that  you wil l  ta lk  about  this .  But  a  toxicokinet ic  s tudy of  the  uptake, 


organ dis t r ibut ion,  and depurat ion of  a t razine in  Xenopus laevis ,  rana 


species ,  as  wel l  as  other  frogs wil l  be  useful  in  determining whether 


extrapolat ion is  possible  between frogs.  In  other  words,  we offer 


caut ion that  to  take a  non-nat ive laboratory model  and t ry  to 


extrapolate  this  to  robust ly  to  our  nat ive f rog populat ions . 


Thank you,  Mr.  Chairman.  That  concludes a l l  we have to  say in  

a  summary nature  of  our  document .  

DR. ROBERTS: Thank you,  Dr.  Kendal l .  Reminding the panel  

that  our  opportuni ty  to  respond to  these quest ions  wil l  come la ter,  are  

there  any quest ions  to  Dr.  Kendal l  or  other  members  of  this  panel  

regarding their  ra t ionale  or  basis  for  their  responses  to  these 

quest ions.  Dr.  Kel ley. 

DR.  KELLEY: I  wanted to  make sure  I  understand your  

summary. As I  unders tand i t ,  you fel t  that  there  was no robust  and 

reproducible  effect  of  a t razine in  terms of  development  of  intersex.  

And yet  in  the Carr,  e t  a l . ,  s tudy,  you say,  and I  quote ,  "Exposure to  

e i ther  es t radiol  or  25 micrograms atrazine per  l i ter  increased the 

incidence of  intersex animal  based on an assessment  of  gonadal  

morphology."  

So do you mean that  that  was not  a  robust  effect?  I  mean,  there  
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were 11 repl icates  of  that  par t icular  t reatment  group. 


DR. CARR: Again,  we found 4 percent  intersex in  that  

par t icular  t reatment .  In  terms of  the  percentage of  animals  that  were 

affected,  I  wouldn ' t  consider  that  a  necessar i ly  robust  response.  

Nei ther  was the qual i ta t ive assessment  of  the  intersex.  Again,  we had 

ini t ia l ly  used the term hermaphrodi tes  to  refer  to  these gonadal  

abnormali t ies .  But  they weren ' t  t rue  hermaphrodi tes  in  the  sense that  

there  were tes tes  and eggs s t icking out .  In  that  sense,  they were fa i r ly  

subt le .  

And,  again,  when we looked at  the  his tological  level ,  they were 

ident i f iable  as  male  or  female  a t  the  his to  level .  But  there  were 

differences  in  the shape and s t ructure  of  the  gonad that  popped out  a t  

the  gross  level .  

DR.  KELLEY: But  i t  was s ta t is t ical ly  s ignif icant .  

DR. CARR:  Absolutely. 

DR.  KELLEY: I t  was re l iable  within your  groups.  

DR. CARR:  Right . 

DR.  KELLEY: So you would conclude that  this  par t icular  dose 

of  a t razine did have an effect  even i f  you fel t  that  i t  was a  high dose 

and i t  was a  smal l  effect .  

DR. CARR:  Absolutely. 
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DR. KELLEY: But  s t i l l  you would s tand behind the effect .  

DR. CARR:  Yes. 

DR. KELLEY: Okay. Thank you.  

DR. KENDALL: That 's  a  good quest ion.  And,  again,  in  the 

presentat ion what  we emphasized,  we went  through enormous 

planning on the s ta t is t ical  power of  that  experiment .  And had not  that  

s ta t is t ical  power been so s t rong,  we probably would not  have detected 

that  effect .  But  we s tand by i t ,  a l though i t  was smal l  and we do not  

bel ieve robust .  

DR.  VAN DER KRAAK: I  think there 's  an addi t ional  point  to  

add to  that .  There 's  another  component  to  your  quest ion,  though.  

And the quest ion was:  Whether  the  response was reproducible  across  

mult iple  s tudies .  And in  fact  - -

DR. KELLEY: Oh,  yeah,  within your  s tudy. That ' s  a l l  I  asked.  

You did 11 repl icates .  I  wanted to  make sure  i t  was reproducible  

within your  s tudy. 

DR. VAN DER KRAAK: Correct .  

DR. KELLEY: Right .  Good.  

DR. VAN DER KRAAK: The quest ion,  the addi t ional  point  was 

whether  i t  was reproducible  across  s tudies .  

DR.  KELLEY: 25 micrograms at  that  dose.  
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DR. CARR:  Right .  And --

DR. KELLEY: I  real ly  want  to  know about  your  s tudy,  whether  

you s tood behind that  conclusion.  

DR. CARR: Right .  I  do.  And the thing that  might  add some 

clar i ty  is  that  those abnormali t ies  were dis t r ibuted across  the  

repl icates .  They weren ' t  f rom one tank.  That 's  the  point  I  wanted to  

make. 

DR. KELLEY: Great .  Thank you.  

DR. KENDALL:  That 's a fa i r quest ion. 

DR. ROBERTS: Any other  quest ions?  Dr.  Green.  

DR. GREEN: One las t  quest ion.  I  was wondering how the 

panel  fe l t  about  the  possibi l i ty  that  in  order  to  get  a  handle  on the 

s ignif icance or  the  number  of  f rogs in  the wild  populat ion in  different  

species  that  l ive  with  ovotestes .  How does the panel  feel  about  the  

possibi l i ty  that  f ie ld  s tudies  would involve going out  and captur ing 

heal thy frogs f rom heal thy frog populat ions  and l i teral ly  having to  

ki l l  hundreds of  them, maybe thousands depending what  the 

s ta t is t ic ian te l ls  us ,  jus t  to  ver i fy  that  i t  i s  or  isn ' t  a  problem in  the  

absence or  presence of  a t razine? 

DR. KENDALL: We  may ought  to  wai t  to  le t  the  SAP answer 

that  quest ion.  I  th ink that 's  a  great  quest ion.  
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DR. KELLEY: They ' re  not  our  f rogs.  They ' re  SA's  f rogs.  

DR. GREEN:  I assume there would be some in the Uni ted 

States .  You can see I  f ind i t ' s  a  bi t  t roubl ing.  Do you think the data  

r ight  now supports ,  for  the  edif icat ion of  the  panel ,  that  we consider  

having to  go out  and capture  heal thy frogs to  determine how 

signif icant  this  is  in  a  wild  populat ion? 

DR. KENDALL: I  think ini t ia l ly  what  we bel ieve is  going to  

take a  lot  of  f rogs to  have the power to  detect  the  effects  because we 

don ' t  bel ieve the effects  are  that  robust .  That 's  a  very good point .  

Never  the less ,  i f  one is  going to  get  the  correct  kinds of  data  for  

future  purposes  to  regulate  this  chemical  re la t ive  to  frogs,  we wil l  

need to  take the lab work to  the f ie ld  to  see i f ,  in  fact ,  these effects  

are  occurr ing and that  they have any reproduct ive and/or  ecologic  

consequence.  

DR.  GIESY:  That 's  an excel lent  quest ion and one,  cer ta inly, 

wi thin my group we consider  a l l  the  t ime.  We have ongoing f ie ld  

s tudies  that  we 're  doing where we are  col lect ing a  lot  of  f rogs.  And,  

of  course ,  we do that  under  our  animal  use  permits .  But  i t ' s 

something we don ' t  do l ight ly. And I  don ' t  th ink we should do l ight ly. 

And I  would encourage the Panel  to  consider  that  in  whatever  design 

you come up with for  experiments .  We would not  want  to  do that  
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wantonly. 

DR. DU PREEZ: One can also look at  museum specimens.  

There  are  l i teral ly  thousands of  Xenopus s i t t ing in  bot t les  throughout  

the  worlds .  But  i t ' s  d i ff icul t  to  persuade the curators  of  those 

col lect ions  that  you want  to  open up some specimens.  They are  

sometimes very diff icul t .  But  that  is  a  possible  opt ion.  And now we 

know why frogs are  decl ining.  

DR. ROBERTS:  Other quest ions from the Panel?  Sorry.  Dr. 

Skel ly. 

DR.  SKELLY:  Perhaps I  should have asked this  before .  I t  

dawned on me,  thinking about  this ,  that  one of  the quest ions I  wanted 

to  ask your  group was whether  you have looked or  whether  you plan to  

look for  any evolved tolerance to  a t razine.  

DR. SOLOMON: Perhaps I  can answer on behalf  of  the group.  

We cer ta inly thought  about  this .  Two aspects .  One is  has  there  been 

a  genet ic  bot t leneck that  these f rogs have gone through.  And,  in  fact ,  

in  f rozen at  minus 80 degrees  cels ius  we have blood wai t ing for  DNA 

analysis  i f  anybody's  interested in  i t .  We'd welcome contr ibut ions 

f rom the Panel  and the audience as  wel l .  Not  contr ibut ions 

f inancial ly,  but  suggest ions as  to  how we do that  in  case you get  me 

wrong.  
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The other  issue is  - -  I  mean there  have cer ta inly  been some 

suggest ions  of  res is tance.  And I  think the White  Paper  ment ioned and 

we know that  there 's  res is tance in  plants .  Plants  have a  mechanism of  

act ion,  receptor  mechanism,  that  is  suscept ible  to  select ion,  change in  

the protein  sequence.  Of course ,  plants  are  under  s t rong select ive 

pressure ,  so  they have evolved being selected for  this  res is tance.  

For  this  to  have happened in  f rogs,  I  suspect  we 'd  have to  have 

a  fa i r ly  s t rong response that  e i ther  causes  death or  change in  

reproduct ion.  And for  my par t ,  I  haven ' t  seen that  yet .  In  my own 

experience with  res is tance,  I  th ink you need one of  those or  both of  

them to actual ly  have select ion take place.  

DR.  SKELLY:  Just  as  a  fol low-up.  I  guess  that 's  my point  is  

that  there  are  two ways to  document  a  demographic  effect .  One of  

them is  to  watch a  populat ion for  a  real ly  long t ime.  The other  ways 

is ,  i f  you f ind an evolved response,  that  implies  a  past  demographic  

effect .  

DR. SOLOMON:  Yes. 

DR. KENDALL: That 's  a  good point .  

DR.  ROBERTS: Any other  quest ions?  Or more response from 

Dr.  Giesy. 

DR.  GIESY:  The issue of  res is tance,  I  th ink,  is  a  very 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

246


in terest ing one.  And one that  I 'd  l ike  to  hear  some responses  f rom the 


Panel .  I  personal ly  have some ideas  f rom a molecular  biological 


techniques how you could approach that .  I  th ink i t  i s  a  quest ion you 


can pose.  I  th ink we do have tools  that  we can look at  that .  And I 


th ink i t ' s  probably worth looking at . 


DR. ROBERTS: Any other  respondents?  Dr.  Kendal l .  

DR. KENDALL:  I jus t want to say, Mr. Chairman and 

dis t inguished members  of  the SAP,  thank you for  the opportuni ty. 

We're  very grateful  to  have had this  t ime frame to  discuss  these issues  

with you.  

I  a lso appreciate  EPA for  set t ing up the opportuni ty  to  have 

such a  scient i f ic  discussion and to  give us  the opportuni ty  to  look 

towards the future .  We also appreciate  Eco Risk for  faci l i ta t ing our  

effor ts  between our  univers i t ies .  And we appreciate  our  sponsor  for  

giving us  the support  necessary to  engage what  we bel ieve wil l  be  

some important  discussion in  the next  few days.  And we welcome 

hear ing from you.  And thank you for  your  cr i t ic ism,  you input ,  and 

par t icular ly  your  pat ience this  af ternoon.  

DR. ROBERTS: On behalf  of  the Panel ,  I 'd  l ike  to  express  our  

appreciat ion for  you and your  col leagues wil l ingness  to  come here  

and discuss  your  research in  very open fashion with the Panel  and 
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answer  a l l  their  quest ions  regarding i t .  I  th ink that 's  been very 


helpful  in  us  unders tanding these issues . 


DR. KENDALL: Thank you.  

DR. ROBERTS:  All r ight .  Wel l , that concludes this publ ic 

comment .  There  are  plenty more to  come. But  a t  th is  point ,  I  want  to  

assess ,  do a  s tamina check on the Panel .  The next  publ ic  commentor, 

we have two publ ic  comments  from the regis t rant .  They wil l  take a  

tota l  of  two hours ,  but  they could be divided.  Potent ia l ly,  we could 

do one of  them. Then next  one wil l  take about  an hour. 

Okay. I  can see by the looks on your  faces .  That  answers  my 

quest ion.  I  jus t  thought  I  would br ing i t  up,  but  I  got  a  pret ty  c lear  

non-verbal  response on where we s tand today. 

In  view of  that ,  le t  us  go ahead and adjourn the meet ing today. 

We wil l  reconvene at  8:30 tomorrow morning.  We wil l  cont inue with  

publ ic  comments ,  the  f i rs t  of  which wil l  be  two publ ic  commentors  

f rom the regis t rant ,  Sygenta .  And then we wil l  proceed with other  

publ ic  commentors  beyond that .  

Paul ,  do you have any announcements  before  we close for  

today? 

MR. LEWIS:  Nothing to  add,  Dr.  Roberts .  I 'm looking forward 

to  cont inuing our  discussion tomorrow morning.  Thank you.  
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1 DR. ROBERTS: Today 's  sess ion is  c losed.  We'l l  reconvene 

2 tomorrow morning at  8:30.  

3 [Meet ing convened at  4:35 p.m.]  

4 -oo0oo-
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that  the  foregoing proceedings were reported by me in  s tenotypy, 
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